



PRINCIPLES 


OF 


HUMAN PHYSIOLOGY. 


BY 

WILLIAM B. C ARP ENTER, M.D,, 

F.ll.S., F.G.S., F.L.S., 

UKGTSTRAll TO THR UNIVERSITY OF LONDON, KTC. ETO. 





Edited by HENRY POWER, M.B. Lond., F.R.C.S., 

ASSISTANT-SUnOEOK TO, AND LRCTTTllKR ON PHYSIOLOGY AT, THE WESTMINSTER HOSPITAL; 
SURGEON TO THE ROYAL WESTMINSTER OPHTHALMIC HOSPITAL, ETC- 


LONDON; 

JOHN CHURCHILL & SONS, NEW BURLINGTON STREET. 


MDCCCLXIV. 



SAVILr. AND KDWAKD8, P«INTEB8, CNANDOS 8TKEET, COVKNT OABDCN. 



AUTHOE’S PREFACE. 


The Fifth Edition of hia “ Principles of Human Physiology” having been 
for some years out of print, and the Author having been repeatedly urged 
by his Publisher to prepare a Sixth, he for some time cherished the 
hope of accomplishing this, so soon as he should have completed a 
series of original researches which he felt himself pledged to carry 
through. On applying himself to the task, however, he found that 
insuperable difficulties lay in the way of his satisfactory performance 
of it. For having long since relinquished, on his appointment to the 
post he at present occupies, the duties of a Teacher of Physiology, and 
having consequently ceased to feel it incumbent upon him to keep up 
with the progress of the science in detail, he found that the mass of new 
material which had been accumulated by the industry of inquirers in 
every one of its departments was far greater than it lay within his capa- 
city to systematize ; the time and working power left at his disposal by 
the requirements of his official position being extremely limited. Feel- 
ing it now to be his duty, moreover, to devote such power as remains to 
him rather to the extension of the boundaries of knowledge by researches 
of his own, than to the co-ordination of the results elaborated by others, 
he became not only willing but desirous to retire from the field he had 
so long occupied, and to leave the cultivation of it to men of a younger 
generation. 

As it was represented to the Author, however, that other interests 
than his own required that this Treatise should be kept before the public, 
he has thought it right to acquiesce in the proposition of his Publisher 
that it should be reproduced by a competent Editor, upon whom should 
rest the entire charge of accommodating the work to the present state 
of Physiological Science ; and having been fortunate enough to obtain 
for this purpose the services of a gentleman in whose ability and con- 
scientious zeal he felt great confidence, he has left the preparation of this 
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Edition most unreservedly in his hands. The First and Second Chapters, 
however, having been prepared by the Author before the necessity of 
relinquishing the charge of the work had been forced upon him, he 
placed these in Mr. Power’s possession, to be employed or put aside at 
his discretion ; but with this exception he holds himself exempt from 
responsibility in regard either to the scientific character or the literary 
execution of the present issue, in which he feels it right to add that he 
has no pecuniary interest whatever. 

The extent of the additions which the Editor found it desirable to 
make in various parts of the volume, joined to the objection of the 
Publisher to any material increase of its bulk, caused the question to 
be submitted to the Author in what manner these two conditions could 
best be reconciled ; and he could not see how the difficulty was to be 
met in any other way, than by the omission of the outline pf Psychology 
which had been given in the last two Editions under the title “ Func- 
tions of the Cerebrum.” To this omission he has been the less in- 
disposed, since on the one hand he has felt it doubtful whether such an 
outline has a proper claim to a place in a treatise on Physiology; 
whilst, on the other, he is not without hope that he may find himself 
able at some future time to expand this outline into a Manual, which 
may be of value to that increasing class of Students who desire to pursue 
their inquiry into the Powers and Operations of the Mind upon the 
basis of what is known of the Physiological action of its material 
instrument, the Nervous System. 


University of London, 
September 1 , 1864 . 



EDITOR’S PREFACE. 


In undertaking, in the autumn of 1861, the preparation of the Sixth 
Edition of Dr. Carpenter’s Principles of Human Physiology,” the 
Editor was scarcely aware of the long and laborious nature of the task 
upon which he has since been unceasingly engaged. He soon found 
that in the few years which had elapsed since the appearance of the last 
Edition (in 1855) a very large mass of observations, indicative of the 
increasing attention bestowed upon the Science of Phjteiology in this 
country, had accumulated. He soon found also, that notwithstanding 
the numerous and valuable essays upon various branches of Physiology 
contributed by English writers, no accurate or comprehensive represen- 
tation of the present state of the science could be given without frequent 
reference to the results obtained by German inquirers, the acquisition 
of whose language, as far as was requisite for practical purposes, he 
made his first care. There can, indeed, be little question that Germany 
is the centre from which the extension and development of modern 
Physiology chiefly proceeds. The time and means at the disposal of 
lier savans (many of whom are occupied exclusively in the pursuit of 
this science) are considerably greater than those possessed by English 
experimenters, who are, almost without exception, also engaged in 
practice. It is not surprising then that the number of original workers 
in Germany should greatly exceed those of this country, nor that 
they should be able to support a much larger number of journals 
more or less devoted to Physiology. But in the innumerable experi- 
ments of which the results are recorded in these periodicals, a new 
“ distemper of learning ” arises, scarcely less opposed to the discovery of 
truth than those “ cobwebs of learning admirable for the firmness of the 
thread and work, but of no substance or profit,” which were denounced 
by Lord Bacon as proceeding from the working of the IVJind upon itself, 
and which arose at a period when experiment was almost wholly 
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neglected : for from the extraordinary variability of the conditions of 
Life, and from the singularly different ability of observers in eliminating 
sources of error, and in truly recording their observations, conclusions 
of an almost contradictory character are frequently obtained. A friend 
of the Editor, in discussing this subject with him at the outset, reminded 
him that, as the present work was of a purely educational character, it 
would be unwise to render it in any way controversial by giving a full 
description of opposite or widely divergent opinions, which would only 
serve to perplex, without conveying instruction to, the student. On the 
other hand, the Editor felt it might fairly be urged that as in those 
instances where different conclusions had been drawn from experiments 
of an essentially similar character, it was probable that each contained 
the elements of truth, the best plan to be pursued was to exhibit, as 
succinctly as possible, the more important views held by the highest 
authorities, and thus enable the reader to select that which seemed to be 
the most tenable. Wliere practicable, the latter of the two courses has 
been preferred. In some instances, however, considerations of space 
have rendered it impossible ; and he would here refer in particular to 
the New Theory of Muscular Action promulgated by Dr. Radcliffe, 
which he has^not thought sufficiently established to accept xmre- 
servedly, though he fully acknowledges the ability with which it is 
sustained. 

In comparing the present with the last Edition, it will be found that 
whilst the general plan of the work has been strictly followed, consider- 
able additions have been made in almost every Chapter. The Sections 
on the Functions of the Cerebrum, now omitted, occupied 140 pages; 
yet the new material which has been introduced has again brought up 
the volume to within a few pages of its original size. 

In the Third Chapter, On Food and the Digestive Process,” 
considerable additions have been made to the Section treating of 
the Saliva; and the results of the experiments of Bernard, Adrian, 
and Eckhard, on the influence of the Nervous System upon this 
secretion, have been introduced. In that devoted to the Gastric 
Juice, the experiments of Brlicke on the action of this fluid on 
Fibrin and Albumen are detailed, together with those of Meissner on 
the formation of Peptones and Parapeptones. The various opinions 
that are now held in regard to the function of the Pancreatic Juice and 
of the Bile are fully noticed, and a short account of the Gases of the 
Intestines has been given, according to the recent researches of Ruge 
and Planer. In the Chapter on Absorption, the structure of the Epithelial 
Cells of the Villi has been somewhat minutely described, and a brief 
description of the process of Osmosis introduced. The description of 



EDITOR'S PREFACE. 


IX 


the Absorbent Glands has been chiefly drawn from the elaborate works 
of Teichmann and Frey. 

In the Chapter on the Blood, whilst the details of the structure of the 
Corpuscles and of the Crystals of the Blood have been extended, it has 
been thought expedient to reduce the space in the previous Editions 
devoted to the consideration of its Chemical characters, both in health 
and disease, since it has been shown by Von Gorup-Besanez that but 
little reliance can be placed on any of the modern methods of analysis. 
A separate Section has been written upon the Pneumatology of the 
Blood. 

In the Section upon the Circulation, the chief results obtained by Dr. 
Halford on the sounds of the Heart, by Dr. Edward Smith on the fre- 
quency of its action, and by M. Marey upon the nature of the Pulse as 
indicated by the Sphygmograph (an instrument which will probably 
hereafter be largely employed in the diagnosis of disease), have been 
fully given. 

The Chapter on Respira^on has been increased by the introduction 
of the observations of Rosenthal (essentially conhrmatory of those of Dr. 
Reid) on the nervous influence conveyed by the Pneumogastric Nerves 
and their branches, and also of the careful and prolonged investigations 
of Dr. Ed. Smith, upon the circumstances affecting the elimination of 
Carbonic acid. 

An entirely new Section has been added to the Chapter 'on Nutrition, 
entitled the “ Balance of the Vital Economy,” in which it has been at- 
tempted to give an outline, founded on the observations of Bischoff and 
Voit and of Ranke, of the effects of different modes of alimentation upon 
the general nutrition of the body, and further by comparing the Egesta 
with the Ingesta, to obtain some insight into the conditions affecting the 
distribution of the constituents of the food to the various tissues, and 
the changes which they undergo in their passage through the system. 

In the Chapter on Secretion, a Section on the Glycogenic function of 
the Liver has been added, containing an account of the observations of 
Bernard, Pavy, Rouget, and others ; and free use has been made of Dr. 
Parkes’s work on the Urine, to render the Section on that subject more 
perfect. 

The contradictory, or at least at present irreconcileable, results above 
alluded to as obtained by different experimenters, are nowhere more con- 
Bpicuoiis than in the numerous treatises that have appeared within the 
last few years upon the Nervous System. The investigations of Mr. 
Lockhart Clarke on the structure, and of MM. Brown- S^quard and 
Schiff on the functions of the principal divisions of the Cranio-spinal 
Axis, have been chiefly followed; whilst^ a special Section has been 
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appended, containing a short reaumi of the researches of Piiliger on the 
influence of Electrical Currents on Motor Nerves, — not on account of any 
practical importance that as yet belongs to them, but to show the extent 
and exactitude to which observation has attained in this difficult branch of 
inquiry ; and to furnish the English reader with a sketch, however slight, 
of a subject that occupies a very large space in all the modern foreign 
works on Physiology. Various additions will be found in the Sections 
on Special Sense, the more important being Helmholtz’ theory of 
Sound, and the recent advances that have been made in the knowledge 
of the phenomena accompanying the Accommodation of the Eye. 

The Chapter on the structure and functions of Muscular Tissue has 
been considerably extended. Several of the paragraphs have, however, 
been drawn with but slight alteration from the Fourth Edition of the 
present work. 

Lastly, in the Chapter on Generation and Development, the instruc- 
tive lectures of Mr. Huxley, lately delivered at the College of Surgeons, 
and the special treatise of Kolliker on tl^s subject, have been chiefly 
employed as guides. 

The number of Woodcuts has been increased from 156 to 206, and 
several of the old ones have been replaced by new. 

The Editor is desirous of taking this opportunity of thanking Mr. 
Lockhart Clarke, Mr. Parker, Mr. Gulliver, and Dr. Edward Smith,, 
for much information most obligingly communicated. To Mr. L. 
Clarke he is in an especial manner indebted for his kindness in lending 
the Sections of the Medulla Oblongata, from which the Editor drew the 
sketches introduced into the text. 

Though Dr. Carpenter, as stated in his foregoing Preface, has had no 
'share in the preparation of the present Edition, with the exception of 
the first two Chapters, the Editor would be ungrateful were he not to 
acknowledge the great benefit he has derived in various ways from 
Dr. Carpenter’s literary experience, the advantage of which has always 
been freely accorded to him. In conclusion, the Editor will feel satisfied 
if it is thought by those competent to form a judgment on such a 
subject, that in passing through his hands the work has not fallen from 
the high position amongst systematic treatises on Physiology, which it 
has hitherto been admitted to hold. 

3, Grosvenor Terrace, Belgrave Road, 

September j 1864 . • 
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CHAPTER I. 


OF LIFE, AND ITS CONDITIONS. 

1. The tern^^ Lije has been used by different writers, Physiological 
and Sbntologicali in a great variety of significations ; but these are for the 
most' part capable of reduction to three categories, — Life being regarded 
either (1) as the aggregate of the phenomena exhibited by any Organized 
being from the commencement to the conclusion of its individual existence, 
or (2) as the mode of activity peculiar to such beings, whereby they are 
distinguished from inanimate bodies, or (3) as the special agency sup- 
posed to be inherent in every organism, and to be the efficient cause alike 
of its first development and of its subsequent maintenance. The first is 
the sense in which the term is understood by Philosophers of the ‘positive’ 
school, who refuse to concern themselves with anything save phenomena 
that are immediately cognizable by the senses: while the last is the mean- 
ing attached to it by such as think that a great deal of trouble is saved 
by the assumption of a hypothetical entity, whose agency may at once 
account for everything not to be otherwise explained. To both these 
definitions it may be objected that they tend to limit inquiry into the 
essential nature of Vital Action. For by taking the former as our start- 
ing-point, we are led to fix our attention too exclusively on the material 
conditions presented in the structure of the Organism, and to ignore the 
forces by which its activity is maintained : just as if, in studying the 
operations of a Cotton-factory, we were to limit our attention to the me- 
chanism of the carding, spinning, weaving and other machines by whose 
instrumentality its products are elaborated, and were to neglect, as a con- 
dition not directly cognizable by our senses, the Motive Power witliout 
which these machines would all be inert. On the other hand, by resting 
in the assumption of a “ Vital Principle ” or “ Organic Agent ” as 
affording a sufficient account of all that is mysterious in the nature of 
Life, we really remove it from the domain of scientific inquiry ; just as 
if the visitor to a Cotton-factory were to give up in despair any attempt 
to acquaint himself with the meaning of the several processes that go on 
before his eyes, and were to regard it as a sufficient account of the trans- 
formation of raw cotton into woven calico, that it takes place by the 
agency of a “calico-making principle.” 

2. But if, on the other hand, the Physiologist takes as his stand-point the 
conception of Life as a peculiar mode of activity ^ he at once finds himself 
on a pathway of inquiry marked out for him by the antecedent researches 
of the Physical philosopher. For as, in the study of that great cycle of 
mutually-related changes which may be designated the Life of the Uni- 
verse, the Pliysicist has been led in the first instance to recognise several 
distinct modes of activity, e,g. Mechanical and Chemical, Electrical and 
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dermal; and then, prosecuting his analysis under the guidance of that 
idea of Power which he finds in his own sense of effort, has been 
brought to refer every effect to a causative Force of some kind, 
acting through a certain Material instrumentality : — so the Physiologist 
who makes the living Organism his study^^ is led in the first place to 
refer its peculiar phenomena to a set of categories as distinct from the 
preceding as they are from each other ; and thence to distinguish be- 
tween their instrumental and their dynamical conditions, the Organic 
Structure and the Vital Forces which animate it. But further, as the 
Physicist, in proportion to the elevation of his stand-point and the com- 
prehensiveness of the survey he can thence take of the phenomena of the 
Inorganic Universe, is enabled to discern, first the mutual relation, and 
at last the essential unity, of all those Forces whose manifestations ap- 
peared so diverse when separately contrasted : so may the Physiologist, in 
proportion to the insight he gains into the peculiar characteristics of Vital 
Activity, come in the first instance to recognise the mutual relation of 
the agencies which underlie its diversified phenomena, next to perceive 
their fundamental unity as so many expressions of one and the same Vital 
Force acting through different material instrumentalities, and finally to 
discern the essential identity of this Force with that which maintains the 
ceaseless cycle of activity in the Universe at large.* 

3. If, now, we inquire what it is that essentially distinguishes Vital 
from every kind of Physical activity, we find this distinction most 
characteristically expressed in the fact that a germ endowed with Life 
developes itself into an Organism of a type resembling that of its parent ; 
that this organism is the subject of incessant changes, which all tend in 
the first place to the evolution of its typical form, and subsequently to its 
maintenance in that form, notwithstanding the antagonism of Chemical 
and Physical agencies which are continually tending to produce its dis- 
integration; but that as its term of existence is prolonged, its conser- 
vative power declines so as to become less and less able to resist these 
disintegrating forces, to which it finally succumbs, leaving the organism 
to be resolved by their agency into the components from which its 
materials were originally drawn. The history of a living organism, then, 
is one oi^inceeeant change ; I and the conditions of this change are to be 
found partly in the organism itself, and partly in the external influences to 
which it is subjected. 

4. (But the Life of any complex organism, such as that of Man, is the 

* See the Author’s Memoir * On the Mutual Relations of the Vital and Physical 
Forces,* in the “Philosophical Transactions’* for 1850. 

f If change be essential to our idea of Life, it may be asked what is the condition of 
a Seed, which may remain unaltered during a period of many centuries, vegetating at 
last, when placed in favourable circumstances, as if it had only ripened the year before. 
We can scarcely call it alive, for it is not performing any vital operation. But it is not 
dead; for it has undergone no disintegration, and retains its capacity for living. The 
most correct designation of such a state (which can only be maintained under a complete 
seclusion from disintegrating agencies) seems to be dormant vitality. Certain Animals 
may be reduced to it ; as the Frog by cold, and the Wheebanimdcule by desiccation. 
Organisms capable of undergoing such a suspension of activity may be kept in a dormant 
condition so long as disintegrating agencies are excluded; but the very conditions (as 
heat in the one case, moisture in ^e other, and both combined in the case of the seed) 
whose presence is followed by the renewal of active life if the organism has undergone 
no injurious change, ensure its speedy decay if it be not able to resume its proper vital 
activity. 
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aggregate of the Vital Activi^ of all its component parts ; and we must 
ascertain the conditions on which the activity of each of these is de- 
pendent, before we can rightly comprehend their imited action in the 
Life of the whole. No fact has been more clearly ascertained by modem 
Physiological research than this, — ^that as the germ derives from its 
parent certain independent endowments, in virtue of which it is enabled 
to develope itself (under appropriate conditions) into an organism which 
may be composed of a vast number of dissimilar parts, so each of those 
parts derives from the germ in which it had its origin an inde- 
pendent capacity for development and maintenance, in virtue of which 
it goes through its own course of vital activity, and by the ultimate 
cessation of which its own term of existence is limited. Of this 
mutual independence we have illustrations in the persistence of the ‘ mo- 
lecular life ’ of individual parts long after ‘ somatm ’ death (or death of 
the body as a whole) has taken place ; — in tEe fact that not only may 
vital activity be sustained in a part completely separated from the body 
by the maintenance of the circulation of blOod through it, but vital en- 
dowments which had partially or completely ceased to manifest them- 
selves in consequence of the cessation of the circulation, may be restored 
by its re-establishment; — and in the occasional reunion of members 
which have been entirely separated. But notwithstanding the wonderful 
diversity of structme and of endowments which we meet with in the 
study of any such complex organism, we encounter a harmonious unity 
or co-ordination in its entire aggregate of actions, which is yet more won- 
derful. It is in this harmony or co-ordination, whose tendency is to the 
conservation of the organism, that the state of Health or Normal Lile essen- 
tially consists. And the more profound is our investigation of its condi- 
tions, the more definite becomes the conclusion to which we are led by 
the study of them, — that it is fundamentally based on the common 
origin of all these diversified parts in the same germ, the vital endow- 
ments of which, equally diffused throughout the whole fabric in those 
lowest forms of organization in which every part is but a repetition of 
every other, are differentiated in the highest amongst a variety of organs 
or instrumental structures more or less dissimilar, acquiring in virtue of 
this differentiation a much greater intensity. Thus in the lowest forms 
of Vegetable life, the primordial germ multiplies itself by duplicative sub- 
division into an apparently unlimited number of cells, each of them 
similar to every other, and capable of maintaining its existence indepen- 
dently of them. And in that lowest (Rhizopod) type of Animal life, the 
knowledge of which is among the most remarkable fruits of modem bm^^ 
logical research, the Physiologist has a case in which those vital ope- 
rations which he is elsewhere accustomed to see carried on by an 
elaborate apparatus, are performed without any special instruments what- 
ever ; a little particle of apparently homogeneous jelly changing itself 
into a greater variety of forms than the fabled Proteus, laying hold of its 
food without members, swallowing it without a mouth, digesting it with- 
out a stomach, appropriating its nutritious material without absorbent 
vessels or a circulating system, moving from place to place without 
muscles, feeling (if it has any power to do so) without nerves, propagating 
itself without genital apparatus, and not only this, but in many instances 
forming shelly coverings of a symmetry and complexity not surpassed by 
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those of any testaceous animals ; ” * whilst the mere separation of a frag- 
ment of this jelly is sufficient to originate a new and independent or- 
ganism, so that any number of these beings may be produced by the 
successive detachment of such particles from a single Rhizopod, each of 
them retaining (so far as we have at present the means of knowing) the 
characteristic endowments of the stock from which it was an offset. When, 
on the other hand, we watch the evolution of any of the higher types of 
Organization, whether Vegetable or Animal, we observe that although in 
the first instance the primordial cell multiplies itself by duplicative sub- 
division into an aggregation of cells which are apparently but repetitions 
of itself and of each other, this homogeneous extension has in each case 
a definite limit, speedily giving place to a structural differentiation which 
becomes mor^and more decided with the progress of development; until, 
in that mosr heterogeneous of all types — the Human Organism — no two 
parts are precisely identical, except those which correspond to each other 
on the opposite sides of the body. With this structural differentiation is 
associated a corresponding differentiation of function ; for whilst in the 
Life of the most highly-developed and complex organism we witness no 
act which is not foreshadowed, however vaguely, in that of the lowest and 
simplest, yet we observe in it that same division of laboiu” which consti- 
tutes the essential characteristic of the highest grade of Civilization. For 
in what may be termed the elementary form of Human Society, in which 
every individual relies upon himself alone for the supply of all his wants, 
no greater result can be attained by the aggregate action of the entire 
community than its mere maintenance ; but as each individual selects a 
special mode of activity for himself, and aims at improvement in that 
speciality, he finds himself attaining a higher and yet higher degree of 
aptitude for it ; and this specialization tends to increase as opportunities 
arise for new modes of activity, until that comj)lex fabric is evolved which 
constitutes the most developed form of the Social State, wherein every in- 
dividual finds the work — mental or bodily — for which he is best fitted, 
and in which he may reach the highest attainable perfection ; while the 
mutual dependence of the whole (which is the necessary result of this 
specialization of parts) is such that every individual works for the benefit 
of all his fellows, as well as for his own. As it is only in such a state of 
Society that the greatest triumphs of Human ability become possible, so 
it is only in the most differentiated types of Organization that Vital Ac- 
tivity can present its highest manifestations. In the one case as in the 
other does the result depend upon a process of gradual development^ in 
which, under the influence of agencies whose nature constitutes a proper 
object of scientific inquiry, that most general form in which the fabric — 
whether Corporeal or Social — originates, evolves itself into that most 
special in which its development culminates. And hence wo are dis- 
tinctly justified in the conclusion, that the special endowments of the 
several components of the organism, however dissimilar to each other, are 
nothing else than differentiated and proportionately intensified expressions 
of those which are common to every part of the originally homogeneous 
fabric ; — a conclusion which derives a remarkable confirmation from the 

^ See the Author’s “Introduction to the Study of the Foraminifera,” published by 
the Bay Society, 1862 , Preface, p. tu. 
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indication afforded by the phenomena of ‘ Metastasis of Secretion * (cha?. 
IX.), that the general structure, even in the most highly-specialized or- 
ganism, retains somewhat of its primitive community of function. 

6. Thus, then, we may take that mode of Vital Activity which manifests 
itself in the evolution of the germ into the complete organism repeating 
the type of its parent, and the subsequent maintenance of that 
organism in its integrity, — in both cases at the expense of materials 
derived from external sources, — as the most universal and most 
fundamental characteristic of Life ; and we have now to consider the 
nature and source of the Force or Power by which that evolution is 
brought about. The prevalent opinion has until lately been, that this 
power is inherent in the germ ; which has been supposed to derive from 
its parent not merely its material substance, but a nisus formativus^ 
hildungstrieb^ or germ-force^ in virtue of which it builds itself up into the 
likeness of its parent, and maintains itself in that likeness until the force 
is exliausted, at the same time imparting a fraction of it to each of its 
progeny. In this mode of viewing the subject, all the organizing force 
required to build up an Oak or a Palm, an Elephant or a Wliale, must 
be concentrated in a minute particle, only discernible by microscopic aid ; 
and the aggregate of all the germ-forces appertaining to the descendants, 
however numerous, of a common parentage, must have existed in their 
original progenitors. Thus, in the case of the successive viviparous 
broods of Aphides^ a germ-force capable of organizing a mass of living 
structure, which would amount (it has been calculated)* in the tenth 
brood to the bulk of 500 millions of stout men, must have been shut 
up in the single individual, weighing perhaps the 1- 1000th of a grain, 
from which the first brood was evolved. And in like manner, the germ- 
force which has organized the bodies of all the individual men that have 
lived from Adam to the present day, must have been concentrated in the 
body of their common ancestor. A more complete rednetio ad absurdum 
can scarcely be brought against any hypothesis ; and we may consider it 
proved that, in some way or other, fresh organizing force is constantly 
being supplied from without during the whole period of the exercise of its 
activity. When we carefully look into the question^ we find that what 
the germ really supplies is not the force, but the directive agenc y : thus , 
rather resembling the control exercised by the superintendent builder/ 
who is charged with the working-out the design of the architect, than the 
bodily force of the workmen who labour under his guidance in the con- 
struction of the fabric. The actual constructive force, as we learn from 
an extensive survey of the phenomena of life, is supplied by Heat ; the ^ 
influence of which upon the rate of growth and development, both ' 
animal and vegetable, is so marked as to have imiversally attracted the 
attention of Physiologists ; who, however, have for the most part only ' 
recognised in it a vital stimulus that calls forth the latent power of the/ 
germ, instead of looking upon it as itself furnishing the power that does 
the work. It has been from the narrow limitation of the area over which 
physiological research has been commonly prosecuted, that the intimacy 
of this relationship between Heat and the Organizing force has not sooner 
become apparent. Wliilst the vital phenomena of Warm-blooded 

♦ See Prof. Huxley on the ‘Agamic Reproduction of Aphis,’ in “Linn. Trans.,” 
vol. xxii., p. 216 . 
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Animals, which possess within themselves the means of maintaining a 
constant temperature, were made the sole, or at any rate the chief objects 
of study, it was not likely that the inquirer would recognise the full 
influence of external heat in accelerating, or of cold in retarding, their 
functional activity. It is only when the survey is extended to Cold- 
blooded Animals, and to Plants, that the immediate and direct relation 
between Heat and Vital Activity, as manifested in the rate of growth 
and development, or of other changes peculiar to the living body, is un- 
mistakeably manifested. To some of those phenomena which afford the 
best illustrations of the mode in which Heat acts upon the living organism, 
attention will now be directed. 

6. The agency of Heat as the ^ efficient cause’ or ^motive power’ to which 
the phenomena of growth and development are to be referred, is pecu- 
liarly well seen in the process of Germination. The seed consists of an 
embryo which has already advanced to a certain stage of development, 
and of a store of nutriment laid up as the material for its further evolu- 
tion ; and in the fact that this evolution is carried on at the expense of 
organic compounds already prepared by extrinsic agency, until (the store 
of these being exhausted) the young plant is sufficiently far advanced in 
its development to be able to elaborate them for itself, the condition of 
the germinating embryo resembles that of an Animal. Now the seed, as 
already pointed out, may remain (under favourable circumstances) in a 
state of absolute inaction during an unlimited period. If secluded from 
the free access of air and moisture, and kept at a low temperature, it is 
removed from all influences that would on the one hand occasion its dis- 
integration, or on the other would call it into active life. But when 
again exposed to air and moisture, and subjected to a higher temperature, 
it either germinates or decays, according as the embryo it contains has or 
has not preserved its vital endowments, — a question which only experi- 
ment can resolve. The process of germination is by no means a simple 
one. The nutriment stored up in the seed is in great part in the con- 
dition of insoluble starch ; and this must be brought into a soluble form 
before it can be appropriated by the embryo. The metamorphosis is 
effected by the agency of a ferment termed diastase ; which is laid up in 
the immediate neighbourhood of the embryo, and which, when brought 
-to act on starch, converts it in the first instance into soluble dextrine, 
and then (if its action be continued) into sugar. The dextrine and sugar, 
combined with the albuminous and oily compounds also stored-up in the 
seed, form the ‘ protoplasm’ which is the substance immediately sup- 
plied to the young plant as the material of its tissues ; and the conversion 
of this protoplasm into various forms of organized tissue, which become 
more and more differentiated as development advances, is obviously refer- 
able to the vital activity of the germ. Now it can be very easily shown 
experimentally that the rate oj growth in the germinating embryo is sc 
closely related (within certain limits) to the amount of Heat supplied, as 
to place its dependence on that agency beyond reasonable question ; sc 
that we seem fully entitled to say that Heat, acting through the germ 
becomes the constructive force or power by which the Vegetable fabric i 
built up.^ But there appears to be another source of that power in th< 

* The eflfeci of Heat is doubtless manifested very differently by different seeds ; sue 
variations being partly spedfiCj partly individual. But these are no greater than v 
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seed itself. In the conversion of the insoluble starch of the seed into 
sugar, and probably also in a further metamorphosis of a part of that 
sugar, a large quantity of carbon is eliminated from the seed by com- 
bining with the oxygen of the air so as to form carbonic acid; this com- 
bination is necessarily attended with a disengagement of heat, which 
becomes very sensible when (as in malting) a large number of germinat- 
ing seeds are aggregated together; and it cannot but be regarded as 
probable that the heat thus evolved within the seed concurs with that 
derived from without, in supplying to the germ the force that promotes 
its evolution. 

7. The condition of the Pla^ which has attained a more advanced stage of 
its development, differs from that of the germinating embrjjo essentially in 
this particular, that the organic compounds which it reqmres as the ma- 
terials of the extension of the fabric are formed by ^itself, instead of being 
supplied to it from without. The tissues of the green surfaces of the 
leaves and stems, when acted on by light, have the peculiar power of r 
generating, at the expense of carbonic acid, water, and ammonia, variqus( ^ 
ternary and quaternary organic compounds, such as chlorophyll, starch, 
oil, and albumen ; and of the compounds thus generated, a part ap- 
propriated by the constructive force of the Plant (derived from the heat 
^ with which it is supplied) to the formation of new tissues ; whilst a part 
am stored up in the cavities of those tissues, where they ultimately 
serve either for the evolution of parts subsequently developed, or for the 
nutrition of animals which employ them as food. Of the source of those 
peculiar affinities by which the components of the Starch, Albumen, &c. 
are brought together, we have no right to speak confidently; but looking 
to the fact that these compounds are not produced in any case by the 
direct union of their elements, and that a decomposition of binary com- 
pounds seems to be a necessary antecedent of their formation, it is 
scarcely improbable that, as suggested by Prof. Le Conte,* that source is 
to be found in the chemical forces set free in the preliminary act of de- 
composition, in which the elements would be liberated in that ‘ nascent* 
condition’ which is well known to be one of peculiar energy. The 
influence of Light, then, upon the Vegetable organism appears to 
be essentially exerted in bringing about what may be considered a higher 
mode of chemical combination between oxygen, hydrogen, and carbon, 
with the addition of nitrogen in certain cases ; and there is no evidence that 
it extends beyond this. That the appropriation of the materials thus 
prepared, and their conversion into organized tissue in the operations of 
growth and development, are dependent on the agency of Heat, is just as 
evident in the stage of maturity as in that of germination. And there is 
reason to believe, further, that an additional source of organizing force is 
to be found in the retrograde metamorphosis of organic compounds that 
goes on during the whole life of the plant; of which metamorphosis 

see in the Inorganic world ; the increment of temperature and the augmentation of bulk 
exhibited by different substances when subjected to the same absolute measure of heat, 
being as diverse as the substances themselves. The whole process of * malting, ’ it may 
be remarked, is based on the average regularity with which the seeds of a particular 
species may be at any time forced to a definite rate of germination by a definite in- 
crement of temperature. 

* See his very suggestive Memoir ‘ On the Correlation of Physical, Chemical, and 
Vital Force,’ in the “Philosophical Magazine” for 1860, vol. xix., Ser. iv., p. 137. 
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the expression is flimished by the production of carbonic acid. This 
is peculiarly remarkable in the case of the Fungi^ which, being in- 
capable of forming new compounds under the influence of light, 
are entirely supported by the organic matters they absorb, and in this 
respect correspond on the one hand with the germinating embryo, and on 
the other with Animals. Such a decomposition of a portion of the 
absorbed material is the only conceivable source of the large quantity of 
carbonic acid they are constantly giving out; and it would not seem 
unlikely that the force supplied by this retrograde metamorphosis of the 
superfluous components of their food, which fall down (so to speak) from 
the elevated plane of ‘ proximate principles’ to the lower level of compa- 
ratively simple binary compounds, constitutes the power by which another 
portion is raised to the rank of living tissue ; thus accounting in some 
degree for the very rapid growth for which this tribe of Plants is so remark- 
able. This exhalation of carbonic acid, however, is not peculiar to Fungi and 
germinating embryos ; for it takes place during the whole life of Flowering 
Plants, both by day and by night, in sunshine and in shade, and from 
their green as well as from their dark surfaces. And it is not improbable 
that, as in the case of the Fungi, its source lies partly in the organic matters 
absorbed ; recent investigations* having rendered it probable that Plants 
really take up and assimilate soluble humnSj which, being a more highly 
carbonized substance than starch, dextrine, or cellulose, can only be con- 
verted into compounds of the latter kind by parting with some of its 
carbon ; but it may also take place at the expense of compounds pre- 
viously generated by the plant itself, and stored up in its tissues, of 
which we seem to have an example in the unusual production of carbonic 
acid which takes place at the period of flowering, especially in such plants 
as have a fleshy disk or receptacle containing a large quantity of starch ; 
and thus, it may be surmised, an extra supply of force is provided for the 
maturation of those generative products, whose preparation seems to be 
the highest expression of the vital power of the Vegetable organism. 

8. The entire aggregate of organic compounds contained in the Vegetable 
tissues, then, may be considered as the expression not merely of a certain 
amount of the material elements oxygen^ hydrogen, carbon, and nitrogen 
derived (directly or indirectly) from the water, carbonic acid, and am- 
monia of the atmosphere, but also of a certain amount of force which has 
been exerted, in raising these from the lower plane of simple binary com- 
pounds to the higher level of complex ^ proximate principles;’ whilst the 
portion of these actually converted into organized tissue may be con- 
sidered as the expression of a frurther measure of force, which, acting under 
the directive agency of the germ, has served to build up the fabric in its 
characteristic type. This constructive action goes on during the whole 
Life of the Plant, which essentially manifests itself either in the extension 
of the original fabric (to which in many instances there seems no de- 
terminate limit), or in the production of the germs of new and inde- 
pendent organisms. — It is interesting to remark that the development of 
the more permanent parts involves the successional decay and renewal 
of parts whose existence is temporary. The ‘ fall of the leaf ’ is the effect, 

^ Bee the Memoir of M. Risler, *Oii the Absorption of Humus,’ in the “Biblio- 
thdque Universelle,*’ N.S., 1858, tom. i. p. 805. 
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not the cause, of the cessation of that peculiar functional activity of its 
tissues, which consists in the elaboration of the nutritive material required 
for the production of wood. And it would seem as if the duration of 
their existence stands in an inverse ratio to the energy of their action ; 
the leaves of “ evergreens,’’ which are not cast off imtil the appearance of 
a new succession, effecting their functional changes at a much less rapid 
rate than do those of deciduous ” trees, whose term of life is far more 
brief. — Thus the final cause or purpose of the whole Vital Activity of the 
Plant, so far as the individual is concerned, is to produce an indefinite 
extension of the dense, woody, almost inert, but permanent portions of the 
fabric, by the successional development, decay, and renewal of the soft, 
active, and transitory cellular parenchyma ; and, according to the prin- 
ciples already stated, the descent of a portion of the materials of the 
latter to the condition of binary compounds, which is manifested in the 
largely increased exhalation of carbonic acid that takes place from the 
leaves in the later part of the season, comes to the aid of external Heat 
in supplying the force by which another portion of those materials is 
raised to the condition of organized tissue. — The vital activity of the 
Plant, however, is further manifested in the provision made for the pro- 
pagation of its race by the production of the germs of new individuals ; 
and here, again, we observe that whilst a higher temperature is usuaDy re- 
quired for the development of the flower and the maturation of the seed than 
that which suffices to sustain the ordinary processes of vegetation, a special 
provision appears to be made in some instances for the evolution of force 
in the sexual apparatus itself, by the retrograde metamorphosis of a portion 
of the organic compounds prepared by the previous nutritive operations.* 
This seems the nearest approach presented in the Vegetable organism, to 
what we shall find to be an ordinary mode of activity in the Animal.* 
That the performance of the generative act involves an extraordinary ex-^ 
penditure of vital force, appears from this remarkable fact, that blossoms 
which wither and die as soon as the ovules have been fertilized, may be 
kept fresh for a long period if fertilization be prevented. 

9. We are now prepared to inquire into the manifestations of Vital Acti- 
vity in the Animal, and into the sources of the power by which the various 
forms of that activity are sustained. The first of these manifestations is, 
as in the plant, the building-up of the organism by the appropriation of 
material supplied from external sources under the directive agency of the 
germ. The ovum of the Animal, like the seed of the Plant, contains a 
store of appropriate nutriment previously elaborated by the parent ; and 
this store suffices for the development of the embryo, up to the period at 
which it can obtain and digest alimentary materials for itself. That 
period occurs in the different tribes of animals at very dissimilar stages of 
the entire developmental process. In many of the lower classes, the 
embryo comes forth from the egg, and commences its independent 
existence, in a condition which, as compared with the adult form, would 
be as if a Human embryo were to be thrown upon the world to obtain 
its own subsistence only a few weeks after conception ; and its whole 
subsequent growth and development take place at the expense of the 
nutriment which it ingests for itself. We have examples of this in the 

* See “Principles of Comparative Physiology,"’ 4th Edit. § 274. 
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of Insects, toany of which come forth from the egg in the state of 
extremely simple and minute worms, having scarcely any power of move- 
ment, but an extraordinary voracity. The eggs having been deposited 
in situations fitted to afford an ample supply of appropriate, nutriment 
(those of the flesh-fly, for example, being laid in carcases, and those of 
the cabbage-butterfly upon cabbage-leaves), each larva on its emersion 
is as weU provided with alimentary materi^ as if it had been furnished 
with a large supplemental yolk of its own ; and by availing itself of this, it 
speedily grows to many hundred or even many thousand times its 
original size, without making any considerable advance in development. 
But having thus laid up in its tissues a large additional store of material, 
it passes into a state which, so frr as the external manifestations of life 
are concerned, is one of torpor, but which is really one of great develop- 
mental activity ; for it is during the pupa state that those new parts are 
evolved, which are characteristic of the perfect Insect, and of which 
scarcely a trace was discoverable in the larva ; so that the assumption of 
this state may be likened in many respects to a re-entrance of the larva 
into the ovum. On its termination, the Imago or perfect Insect comes 
forth complete in all its parts, and soon manifests the locomotive and 
sensorial powers by which it is specially distinguished, and of which the 
extraordinary predominance seems to justify our regarding Insects as 
the types of purely Animal life. There are some Insects whose Imago-life 
has but a very short duration, the performance of the generative act being 
apparently the only object of this stage of their existence; and such for 
the most part take no food whatever after their final emersion, their vital 
activity being maintained, for the short period it endures, by the material 
assimilated during their larva state.* But those whose period of activity 
is prolonged, and upon whose energy there are extraordinary demands, 
are scarcely less voracious in their imago than in their larva-condition ; 
the food they consume not being applied to the increase of their bodies, 
which grow very little after the assumption of the imago-state, but chiefly to 
their maintenance ^ — no inconsiderable portion of it, however, being appro- 
priated in the female to the production of ova, the entire mass of which 
deposited by a single individual is sometimes enormous. That the per- 
formance of the generative act involves not merely a consumption of 
material, but a special expenditure of force, appears from a fact to be pre- 
sently stated, corresponding to that already noticed (§ 8) in regard to 
Plants. 

10. Now if we look for the source of the various kinds of force, — which 
may be distinguished as constructive, sensori-motor, and generative, — that 
are manifested in the different stages of the life of an Insect, we find them 
to lie, on the one hand, in the Heat with which the organism is supplied 
from external sources, and, on the other, in the Food provided for it. The 
agency of heat, as the moving power of the constructive operations, is 
even more distinctly shown in the development of the larva within the 
egg, and in the development of the imago within its pupa-case, than it 
is in the germinating seed ; the rate of each of these processes being 

♦ It is nat a little curious that in the tribe of RotiferUy or Wheel-animalcules, all 
the males yet discovered are entirely aaplanchnic ; not ohly the whole of their develop- 
ment within the egg, but the whole of their active life after their emersion from it 
being carried-on at the expense of the store of yolk provided by the parent. 
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strictly regulated by the temperature to which the orgduism is subjected. 
Thus ova which are ordinarily not hatched until the leaves suitable for 
the food of their larva have been put forth, may be made, by artificial 
heat, to produce a brood in the winter ; whilst, on the other hand, if 
they be kept at a low temperature, their hatching may be retarded almost 
indefinitely without the destruction of their vitality. The same is true of 
the pupa-state ; and it is remarkable that during the latter part of that 
state, in which the developmental process goes on with extraordinary 
rapidity, there is in certain Insects a special provision for an elevation of 
the temperature of the embryo by a process resembling incubation. 
Whether, in addition to the heat imparted from without, there is any 
addition of force developed within (as in the germinating seed) by the 
return of a part of the organic constituents of the food to the condition of 
binary compounds, cannot at present be stated with confidence : the 
probability is, however, that such a retrograde metamorphosis does take I 
place, adequate evidence of its occurrence during the incubation of thel 
Bird’s egg being afforded by the liberation of carbonic acid which is therel 
found to be an essential condition of the developmental process. During the? 
larva-state there is very little power of maintaining an independent tempera- 
ture, so that the sustenance of Vital Activity is still mainly due to the heat 
supplied from without. — But in the active state of the perfect Insect there 
is a production of heat quite comparable to that of warm-blooded animals ; 
and this is effected by the retrograde metamorphosis of certain organic con- 
stituents of the food, of which we find the expression in the exhalation of 
carbonic acid and water. Thus the food of Animals becomes an internal 
source of heat, which may render them independent of external tempera- 
ture. — Further, a Hke retrograde metamorphosis of certain constituents 
of the food is the source of that sensori-motor power which is the peculiar 
characteristic of the Animal organism ; for on the one hand the 
demand for food, on the other the amount of metamorphosis indicated by 
the quantity of carbonic acid exhaled, bear a very close relation to the 
quantity of that power which is put forth. This relation is peculiarly 
manifest in Insects, since their conditions of activity and repose present 
a greater contrast in their respective rates of metamorphosis than do 
those of any other animals. — Of the exercise of generative force we 
have no similar measure; but that it is only a special modification of 
ordinary vital activity appears from this circumstance, that the life of 
those Insects which ordinarily die very soon after sexual congress and the 
deposition of the ova, may be considerably prolonged if the sexes be kept 
apart so that congress cannot take place. Moreover, it has been shown 
by recent inquiries into the Agamic reproduction of Insects and other 
animals, that the process of Generation differs far less from those Bepro- 
ductive acts which must be referred to the category of the ordinary 
Nutritive processes, than had been previously supposed. 

11. Thus, then, we find that in the Animal organism the demand for food 
has reference not merely to its use as a material for the construction of 
the fabric ; food serves also as a generator of force ; and this force may 
be of various kinds, — Heat and Motor-power being the principal but by 
no means the only modes under which it manifests itself. We shall now 
inquire what there is peculiar in the sources of the Vital Force which 
animates the organisms of the higher animals at different stages of Life. 
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12. That the Developmental force which occasions the evolution of the 
germ in the higher Vertebrata is really supplied by the Heat to which the 
ovum is subjected, may be regarded as a fact established beyond all ques- 
tion. In the Prog and other Amphibia, which have no special means of 
imparting a high temperature to their eggs, the rate of development (which 
in the early stages can be readily determined with great exactness) is 
entirely governed by the degree of warmth to which the ovum is subjected. 
But in Serpents there is a peculiar provision for supplying heat ; the 
female performing a kind of incubation upon her eggs, and generating in 
her own body a temperature much above that of the surrounding 
air.* In Birds, the developmental process can only be maintained by the 
steady application of external warmth, and this to a degree much higher 
than that which is needed in the case of cold-blooded animals ; and we may 
notice two results of this application as very significant of the dynamical 
relation between Heat and Developmental Force, — first, that the period re- 
quired for the evolution of the germ into the mature embryo is nearly 
constant, each species having a definite period of incubation, — and second, 
that the grade of development attained by the embryo before its emersion 
is relatively much higher than it is in cold-blooded vertebrata generally ; 
the only instances in which anything like the same stage is attained with- 
out a special incubation being those in which (as in the Turtle and 
Crocodile) the eggs are hatched under the influence of a high external 
temperature. This higher development is attained at the expense of a 
much greater consumption of nutrient material ; the store laid up in 
the ‘ food yolk ’ and ^ albumen ’ of the Bird’s egg being many times 
greater in proportion to the size of the animal which laid it, than that 
contained in the whole egg of a Frog or a Fish. There is evidence in 
that liberation of carbonic acid which has been ascertained to go on in 
the egg (as in the germinating seed) during the whole of the develop- 
mental process, that the return of a portion of the organic substances pro- 
vided for the sustenance of the embryo, to the condition of simple binary 
compounds, is an essential condition of the process ; and since it can 
scarcely be supposed that the object of this metamorphosis can be to 
furnish heat (an ample supply of that force being afforded by the body 
of the parent), it seems not imlikely that its purpose is to supply a force 
that concurs with the heat received from without in maintaining the pro- 
cess of organization. — The development of the embryo within the body, 
in the Mammalia, imparts to it a steady temperature equivalent to that of 
the parent itself ; and in all save the implacental Orders of this class, that 
development is carried still further than in Birds, the new-born Mammal 
being yet more complete in all its parts, and its size bearing a larger pro- 
portion to that of its parent, than even in Birds. It is doubtless owing 
in great part to the constancy of the temperature to which the embryo is 
subjected, that its rate of development (as shown by the fixed term of 
utero-gestation) is so imiform. The supply of organizable material here 
afforded by the ovum itself is very small, and suffices only for the very 

♦ In the Viper the eggs are usually retained within the oviduct until they are 
hatched. In the Python, which recently went through the process of incubation in the 
Zoological Giardens, the eggs were imbedded in the coils of the body ; the temperature 
to which they were subjected (as ascertained by a thermometer placed in the midst of 
them) averaging 90° F., whilst that of the cage averaged 60° F. 
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earliest stage of the constructive process ; but a special providon is very 
soon made for the nutrition of the embryo by materials directly supplied 
by the parent ; and the imbibition of these takes the place, -during the 
whole remainder of foetal life, of the appropriation of the materials sup- 
plied in the Bird’s egg by the ‘ food yolk ’ and ‘ albumen.’ To 
what extent a retrograde metamorphosis of nutrient material takes 
place in the foetal Mammal, we have no precise means of determining ; 
since the products of that metamorphosis are probably for the most 
part returned (through the placental circulation) to the blood of the 
mother, and got rid of through her excretory apparatus. But sufficient 
evidence of such a metamorphosis is afforded by the presence of urea in 
the amniotic fluid and of biliary matter in the intestines, to make 
it probable that it takes place not less actively (to say the least) in the 
foetal Mammal than it does in the Chick in ovo. Indeed it is impossible 
to conceive of the growth of any of the higher organisms, — which not 
merely consists in the formation of new parts, but also involves a vast 
amount of interstitial change, — without perceiving that in the remodelling 
which is incessantly going on, the parts first formed must be removed to 
make way for those which have to take their place. And such removal 
can scarcely be accomplished without a retrograde metamorphosis, which, 
as in the numerous cases already referred-to, may be considered with 
great probability as setting free constructive force to be applied in the 
production of new tissue. 

13. If, now, we pass-on from the intra-uterine life of the Mammalian 
organism to that period of its existence which intervenes between birth 
and maturity, we see that a temporary provision is made in the acts of 
lactation and nursing for affording both food and warmth to the young 
creature, which is at first incapable of adequately providing itself with 
aliment, or of resisting external cold without fostering aid. And we j 
notice that the offspring of Man remains longer dependent upon parental^ 
care than that of any other Mammal ; in accordance with the higher 
grade of development to be ultimately attained. But when the period of 
infancy has passed, the child tliat is adequately supplied with food, and 
is protected by the clothing which makes up for the deficiency of other 
tegumentary covering, ought to be able to maintain its own heat, save in 
an extremely depressed temperature ; and this it does by the metamor- 
phosis of organic substances, partly derived from its own fabric, and partly 
supplied directly by the food, into binary compounds. During the|j 
whole period of growth and development, we find the producing power ^ 
at its highest point ; the circulation of blood being more rapid, and thei 
amount of carbonic acid generated and thrown off being much greater 
in proportion to the bulk of the body, than at any subsequent period 
of life. W e find, too, in the large amount of other excretions, the evi- 
dence of a rapid metamorphosis of tissue ; and it can hardly be questioned 
(if our general doctrines be well founded) that the constructive force 
which operates in the completion of the febric will be derived in part from 
the heat so largely generated by chemical change, and in part from the 
descent which a portion of the fabric itself is continually making from the 
higher plane of or^nized tissue to the lower plane of dead matter. This 
high measure of vital activity can only be sustained by an ample supply 
of Food ; which thus supplies both material for the construction of the 
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organic, and tho force by whose agency that construction is accomplished. 
How completely dependent the constructive process stiU is upon Heat, is 
shown by the phenomena of reparation in cold-blooded animals ; since 
not only can the rate at which they take place be experimentally shown 
to bear a direct relation to the temperature to which these animals are 
subjected, but it has been ascertained that any extraordinary act of repara- 
tion (such as the reproduction of a limb in the Salamander) will only be 
performed under the influence of a temperature much higher than that 
required for the maintenance of the ordinary vital activity. — After the 
maturity of the organism has been attained, there is no longer any call 
for a larger measure of constructive force than is required for the main^ 
tenance of its integrity ; and if there were no other source of retro- 
grade metamorphosis than that which is inherent in the peculiar com- 
position of the tissues, the demand for food would be reduced to very 
little more than would sufiice by its ultimate conversion into water and 
carbonic acid to keep up the temperature of the body. But the condi- 
tions of Animal existence involve a constant expenditure of Motor force 
through the instrumentality of the Nervo-muscular apparatus, as well 
as a liberation of Heat ; and the exercise of the purely Psychical powers 
through the instrumentality of the Brain constitutes a further expendi- 
ture of force, even when no bodily exertion is made as its result. — We 
have now to consider the conditions under which these forces are developed, 
and*the sources from which they are derived. 

14. The doctrine at present commonly received among Physiologists 
upon these points may be stated as follows : — The functional activity ol* 
the Nervous and Muscular apparatuses involves, as its necessary condition, 
the disintegration of their tissues ; the components of which, uniting with 
the oxygen of the blood, enter into new and simpler combinations, whicli 
are ultimately eliminated from the body by the excretory operations.* 
In such a retrograde metamorphosis of tissue, we have two sources of the 
liberation of force; — ^first, its descent from the condition of living to that 
of dead matter, involving a liberation of that force which was originally 
concerned in its organization ; — and second, the further descent of its 

* To this doctrine a decided approach was made by Liebig in his Animal Chemistry 
(1842) ; since he there distinctly promulgated what had already been more vaguely 
aflbrmed by various Physiologists, that every production of motion by an Animal involves 
a proportional disintegration of muscular substance. But he seems to have regarded the 
motor force produced as the expression of the vital force by which the tissue was pre- 
viously animated; and to have looked upon its disintegration by oxygenation as simply 
a consequence of its death. The doctrine of the ‘‘ Correlation of Forces” being at that 
time undeveloped, he was not prepared to recognise a source of Motor power in the 
ulterior chemical changes which the substance of the muscle undergoes ; but seems to 
have regarded them as only concerned in the production of Heat. The earliest distinct 
expression of the current doctrine is to be found in the very remarkable treatise of Dr. 
Mayer (‘^Die organische Bewegung in ihren Zusammenhange mit dem Stoffwechsel,” 
H^hronn^ 1845), in which he worked-out from the two fundamental axioms, Ex 
nikilo nil fit f and *^NUJit ad nihilumf the whole system of doctrine which has since 
come to be known as that of the “ Correlation of Forces,” and the Conservation of 
Force,” in its application alike to Physics and Chemistry and to Physiology. Prof. Grove 
was simultaneously engaged in the development of the doctrine of the ** Correlation of the 
Physical Forces;” and without any knowledge of Dr. Mayer’s previous labours, the 
Author of this Treatise developed the doctrine in the form stated in the text, in his 
Memoir *On the Mutual Belations of the Vital and Physical Forces,’ published in the 

Philosophical Transactions” for 1850. 
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complex organic components to tlie lower plane of simple binary com- 
pounds. If we trace back these forces to their proximate source, we find 
both of them in the food at the expense of which the Animal organism is 
constructed ; for besides supplying the material of the tissues, a portion 
of that food (as already shown) becomes the source, in its retrograde 
metamorphosis, of the production of the Heat which supplies the con- 
structive power, whilst another portion may afford, by a like descent, a 
yet more direct supply of organizing force. And thus we find in the 
action of Solar Light and Heat upon Plants — whereby they are enabled 
to not merely extend themselves almost without limit, but also to accu- 
mulate in their substance a store of Organic Compounds for the consump- 
tion of Animals, — the ultimate source, not merely of the materials which 
Animals require for their nutrition, but also of the forces of various 
kinds which they exert. 

15. But recent investigations have rendered it doubtful whether the doc- 
trine that every exertion of the functional power of the nervo-muscular ap- 
paratus involves the disintegration of a certain equivalent amount of tissue, 
really expresses the whole truth. It has been maintained, on the basis 
of carefully conducted experiments, in the first place, that the amount of 
work done by an animal may be greater than can be accounted for by 
the ultimate metamorphosis of the azotized constituents of its food, their 
mechanical equivalent being estimated by the heat producible by the 
combustion of the carbon and oxygen which they contain ; * and 
secondly, that whilst there is not a constant relation (as affirmed by 
Liebig) between the amount of motor force produced and the amount of 
disintegration of muscular tissue represented by the appearance of urea 
in the urine, such a constant relation does exist between the development 
of motor force and the increase of carbonic acid in the expired air as 
shows that between these two phenomena there is a most intimate 
coimection.f And the concurrence of these independent indications 

* This view has been expressed to the Author by two very high authorities, Prof. 
Helmholtz and Prof. William Thomson, independently of each other, as an almost neces- 
sary inference from the data furnished by the experiments of Dr. Joule. Even admitting 
these data (as to which he learns from Dr. Joule that he has now some doubt, arising 
from the incompleteness of the analyses of the food consumed by the Horse which was the 
subject of the experiment), the Author is by no means satisfied that they justify the in- 
ference founded on them ; for it seems to him a pure assumption to affirm that the force 
evolved by the ultimate metamorphosis of azotized compounds is to be measured only by 
the combustive equivalent of the carbon and hydrogen they contain. There is abundant 
evidence in the phenomena of Vegetable life on the one hand, that the production of gluten 
and other albuminous compounds is the result of a more powerful action of Heat and 
Light, than that which is expressed by the production of starch and oil ; whilst, on the 
other hand, chemists are familiar with various phenomena attending the retrograde meta- 
morphosis of azotized compounds, which seem to mark their special potency. So, again, 
it is quite conceivable that in the construction of Muscular tissue an amount of Organizing 
force may be as it were locked up (like the power employed in winding-up a watch), to be 
restored in the form of mechanical force (as in the unbending of the spring), when, in the 
disintegration of the muscle and the ultimate metamorphosis of its substance, its consti- 
tuent particles make the entire descent from the highest plane (that of organized tissue) 
to the lowest (that of simple binary compounds). — But althpugh he cannot regard the doc- 
trine of his distinguished friends as sustainable on the basis on which they have erected it, 
he thinks it supported by many other considerations leading to the general conclusion 
(c) expressed in the ensuing paragraph of the text. 

f On these last points reference is especially made to the experiments of Dr. Edward 
Smith, the most important results of which will be cited hereafter. 
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seems to jmtify the inference that motor force may be developed, like 
Heat, by ike metamorphosis of constituents of food which are not converted 
into living tissue, — ^an inference which so fiiUy harmonizes with the 
doctrine of the direct convertibility of these two forces now established 
as one of the surest results of Physical investigation, as to have in itself no 
inherent improbability. Of the conditions which determine the genera- 
tion of motor force, on the one hand from the disintegration of muscular 
tissue, on the other from the metamorphosis of the components of the 
food, nothing definite can at present be stated ; but we seem to have a 
typical example of the former in the parturient action of the uterus, whose 
muscular substance appears to have been built up for this one effort, and 
forthwith undergoes a rapid retrograde metamorphosis; whilst it can 
scarcely be regarded as improbable that the constant activity of the heart 
and of the respiratory muscles, which gives them no opportunity of reno- 
vation by rest, is sustained not so much by the continual renewal of their 
substance (of which renewal there is no histological evidence whatever) as 
by a metamorphosis of matters external to themselves, supplying a force 
which is exerted through their instrumentality. 

f 16. To sum up : — The Life of Man essentially consists in the manifesta- 
tion of Forces of various kinds, of which his organism is the instrument ; and 
these Forces are developed by the retrograde metamorphosis of the Organic 
Compounds generated by the instrumentality of the Plant, whereby they 
ultimately return to the simple binary forms (water, carbonic acid, and am- 
monia) which serve as the food of plants. Of these Organic Compounds, one 
portion (a) is converted into the substance of the living body, by a construc- 
tive force which (in so far as it is not supplied by the direct agency of 
external heat) is developed by the retrograde metamorphosis of another 
portion {b) of the food. And whilst the ultimate descent of the first-named 
portion (a) to the simple condition from which it was originally drawn, 
becomes one source of the peculiarly Animal powers — ^thc psychical and 
the motor — exerted by the organism, another source of these may be found 
in a like metamorphosis of a further portion (c) of the food which has never 
been converted into living tissue. The generative force, as in the Plant, is 
evidently an expression of the ordinary constructive force ; and there 
seems reason, moreover, for regarding it as a very high expression, its too 
rapid expenditure producing a peculiarly depressing effect upon the vital 
power of the organism, which tends to its dissolution. — But whilst we find 
the ultimate source of the whole vital power of the organism in the 
supplies of Food and of Heat which it derives from external sources, it 
must never be forgotten that its capacity to avail itself of those supplies 
depends upon its own original constitution ; and that as the form into 
which the germ developes itself depends upon its own specific endowments, 
so the particular modification of that form presented by each individual 
must depend (all external conditions being the same) upon its own 
individual endowments — ^the differences between these being at present^ 
only vaguely referable to antecedent conditions of the parental organism. 
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CHAPTER 11. 

distinctive CHARACTERISTICS OF MAN. 

17. In entering upon the study of that aggregation of phenomena which 
constitutes the Life of Man, it seems appropriate in the first instance to 
consider his relations to other types of Animal organization ; and to ex- 
amine what there is in his corporeal and psychical characters, which most 
distinctly difierentiates him from the beings he most nearly resembles. 
AU Zoologists are agreed that his place is at the head of the Mammalian 
class of the Vertebrate sub-kingdom ; and that as regards both the 
general plan of conformation and the details of anatomical structure, there 
is a very close approximation between the genus Homo and the semi-erect 
tail-less Apes belonging to the genera Troglodytes and Pithecus. But 
there is a considerable difierence of opinion as to the mode in which this 
relationship should be expressed. By LiiineBUs, the Apes and Man were 
included with Lemurs and Bats in one and the same Order Primates ; 
and in this non-separation of Man from the Apes, he has been followed by 
several modern Zoologists of great eminence. On the other hand Blu- 
menbach, who in this was followed by Cuvier, maintained that the dis- 
tinctive characters of the genus Homo are sufficient to entitle Man to rank 
as the type of a separate Order, to which he gave the name of Bimana, 
considering it to be specially distinguished by the possession of two 
hands from the Quadrumana, which possess four nearly similar hand- 
like extremities. And Prof. Owen has recently gone a step further, by 
raising Homo into a sub-class Archencepiiala, on the ground that his 
“ psychological powers, in association with his extraordinarily developed 
brain, entitle the group which he represents to equivalent rank with the 
other primary divisions of the class Mammalia, founded on cerebral cha- 
racters.”* Although the discussion of questions of systematic arrange- 
ment is the proper business of the Zoologist, yet the inquiry into the 
exact nature and amount of the differences between Man and the 
(so-called) Qaadramaua falls legitimately within the province of 
the Physiologist, and may therefore be appropriately dealt with in this 
place. In the pursuit of this inquiry, it is most important to distin- 
guish between those structural peculiarities of which alone the Ana- 
tomist can take cognizance, and those psychical manifestations of which 
the sources are altogether beyond his ken; for these two orders of 
facts cannot be legitimately brought into the same category, and 
any attempts to blend them can lead to nothing but confdsion. 
It is the province of the Comparative Anatomist to deal with Man’s 
corporeal organism, as if he knew nothing more than the facts brought 
under his observation in the dissecting-room ; scrutinizing every pecu- 
liarity in its structure in exactly the same spirit, and valuing it according 
to exactly the same measure, that he would bring to the investigation of 
the peculiarities of some newly-discovered type, known to him only by 

* * On the Characters and Classification of the Mammalia,’ in ** Journal of the Pro- 
ceedings of the Linnssan Society,” vol. ii., 1867, p. 33, 
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dead specimens. And although he might safely assign to the genus 
Homo a structural capacity for the erect posture, — a speciality in the 
conformation of the anterior and posterior extremities, imparting to the 
former a peculiar power of varied and minute prehension, and fitting the 
latter for biped progression, — and a relatively-larger brain, rendering it 
probable that the psychical feculties of which it is the instrument would 
be more elevated and more predominant, — ^yet there he must stop ; since 
he cannot discover in Man’s corporeity the faintest indication of those In- 
tellectual and Moral attributes by which he holds himself to be specially 
distinguished from the brute creation, of that Progressive Reason which 
draws even the Infinite within its scope, of that upward aspiration after 
Truth and Goodness which ranges even beyond his intellectual con- 
ception, of that yearning after a purely Spiritual existence which refuses 
to recognize in bodily decay anything but the liberation of the imprisoned 
Soul. These are facts of Man’s nature not less necessary to be taken 
into account in the estimation of his position in the Universe, than 
those which are supplied by his bodily organization ; and it is not sur- 
prising that by a too exclusive regard to them, many eminent Naturalists, 
from Aristotle downwards, have been led to maintain that Man ought not 
to be included in the Animal Kingdom at all, but should be ranked in a 
Kingdom by himself. This, however, is a position which cannot be con- 
sistently held by any one who recognizes Anatomical structure as the true 
basis of Zoological classification. For granting that Man is distinguished from 
every other form of terrestrial being by psychical attributes which bring 
him into relation with Infinite Intelligence, he does not the less belong to 
the Animal Kingdom in his present stage of existence, in virtue of his 
possession of every attribute by which an Animal is characterized, and 
the absence of any peculiarity whatever in his organization which can be 
shown to remove him from that category. And since it is only as an 
animal that he is taken cognizance of by the Zoologist, it is only with his 
structural characters that the Zoologist should concern himself. In this 
point of view it appears to the author clearly demonstrable that the 
structural distinctions by which Man is separated from the higher Apes 
are much smaller in amount than those by which the latter are separated 
from the lower Quadrumana ; and hence that the Linnaean association of 
Man and the Quadrumoma in the same primary group is much more 
correct than the ordinal separation of the Bimana and Quadrumana 
maintained by Cuvier, and a fortiori than the proposition of Prof. 
Owen to rank Man in a distinct sub-class. 

18. As the ordinal separation of the Bimana from the Quadrumana has 
come to be generally accepted upon the authority of Cuvier, it will be 
desirable to begin by examining into the validity of the characters on 
which it rests ; comparing, in the first place, the hand and the foot of 
Man with the corresponding extremities of the higher Apes ; and then 
inquiring whether the differences which they respectively present, either 
surpass in degree those with which we meet in a like comparison between 
the extremities of the higher Apes and those of the lower Monkeys, or 
can be justly held to depart from them in kind. There is in Man, what 
we observe in none of the Mammalia which approach him in other respects, 
a complete distinction in the character of the anterior and posterior ex- 
tremities ; the former being adapted for prehension alone, and the latter 
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almost exclusively for support and progression : and thus each function 
is performed with much greater completeness, than it can be when two such 
opposite purposes have to be united. “ That,” says Cuvier, “ which con- 
stitutes the ha 7 id, properly so called, is the fe.culty of opposing the thumb 
to the other fingers, so as to seize upon the most minute objects ; a 


Fiq. 1. 



Hand of Man, compared with anterior extremity of Orang, 


laculty which is carried to its highest degree of perfection in Man, in whom 
the whole anterior extremity is free, and can be employed in prehension.” 
The peculiar prehensile power possessed by the Hand of Man, is chiefly 
dependent upon the size and power of the thumb ; which is more 
developed in him, than it is in the highest Apes (Fig. 1). The thumb of 
the Human hand can be brought into exact opposition to the extremities 
of all the fingers, whether singly or in combination ; whilst in those 
Quadrumana which most nearly approach Man, the thumb is so short, 
and the fingers so much elongated, that their tips can scarcely be brought 
into opposition; and the thumb and fingers are so weak, that they can 
never be opposed to each other with any degree of force. Hence, although 
well suited to cling round bodies of a certain size, such as the small 
branches of trees, &c., the anterior extremities of the Quadrumana can 
neither seize very minute objects with such precision, nor support large 
ones with such firmness, as are essential to the dexterous performance of 
a variety of operations for which the hand of Man is admirably adapted. 
This adaptation, however, is not obtained by means of any new instru- 
mentality ; for the anterior extremity of the Orang or Chimpanzee pos- 
sesses not only every bone, but every muscle, which is found in that of 
Man ; and its only structural differences consist in the proportionate develop- 
ment of the several components of these organs respectively. — But the 
functional powers of the anterior extremity are not related solely to its 
own structure ; since the use that can be made of the limb depends in part 
upon its relations to the body at large, the general conformation of which 
must be adapted to turn its special capacity to advantageous account. 
Thus while the arm of the higher Apes has as wide a range of motion as 

c 2 
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that of Man, so far as its articulation is concerned, it is only when the 
animal is in the erect attitude that the limb can have free play. And 
even the most perfect organization of the hand as an instrumental struc- 
ture would be comparatively valueless, without the mind by which its 
actions are prompted, and the senses by which they are guided. 

19. The Foot of Man, in like manner, differs from that of the higher 
Apes, in those characters which specially adapt it to the support of the 
body in the erect posture, and to biped progression ; in which adaptation 
it loses much of that prehensile power wliich the posterior extremities of 
the higher Quadrumana possess almost equally with their anterior. The 
Human foot is, in proportion to the size of the whole body, larger, broader, 
and stronger, than that of any other Mammal save the Kangaroo. Its 
plane is directed at right angles to that of the leg ; and its sole is concave, 
so that the weight of the body falls on the summit of an arch, of which 
the os calcis and the metatarsal bones form the two points of support. 
This arched form of the foot, and the contact of the whole plantar surface 
with the ground, are peculiarly noticeable in Man ; most of the Apes 
having the os calcis small, straight, and more or less raised from the 
ground, which they touch, when standing erect, with the outer side only 
of the foot (Fig. 2). The function of the hallux, or great- toe, moreover, 
is strikingly contrasted in Man and the Apes ; for whilst in the latter it 
is nearly as opposable as the thumb, and can be used to almost the same 
degree as an instrument of prehension, it chieily serves in the former to 
extend the basis of support, and to advance the body in progression. But 
neither in its osteology nor in its myology is there any essential differ- 
ence between the foot of Man and the posterior extremity of the higher 
Apes ^ for every bone and every muscle in the one has its counterpart 


Fio. 2. 



Foot of Man, compared with posterior extremity of Orang. 


m the other ; and there is nothing which really assimilates the posterior 
to the anterior extremity of the Ape, or entitles the former to be con- 
sidered as a liand, save the opposabilily of the great-toe. It is certain, 
moreover, that this faculty is not originally wanting in Man, although it 
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may be destroyed by the disuse produced by the habit of enclosing the 
foot in rigid investments ; for among nations by whom that habit is not 
practised, we often find that the great-toe can be sufficiently opposed to the 
other toes to render the foot a useful instrument of prehension, and that 
many actions are commonly performed by its means, which we are accus- 
tomed to regard as requiring manual agency. And in the case of indivi- 
duals among ourselves, who have either been congenitally deficient in the 
anterior extremities, or who have subsequently lost them, practice only has 
been required to enable the posterior to be turned to the like account. 

20. T^en the comparison, of which the leading points have now been 
sketched, is extended further, we meet with differences that cannot but 
be accounted of far greater importance, both in degree and in kind, than 
those already enumerated. Thus in the entire group of Platyrrhine 
Monkeys, we find that the thumb is not opposable, but ranges with the 
other digits, so that it can only be used consentaneously with them in the 
act of prehension ; while in the Ateles^ or Spider Monkey, the thumb is 
altogether wanting, and although a great-toe is present, it can neither be 
used like that of Man for support, nor be ojiposed to the other digits as in 
the higher Quadrumana, the posterior and anterior extremities being 
strikingly assimilated in structure, and being alike adapted to serve only 
as claspers. Among the Baboons and Lemurs, moreover, we find that 
the conformation alike of the anterior and of the posterior extremities is 
such as to assimilate them at least as much to the lower quadrupedal as 
to the higher quadrumanous type ; so that between the two extremes of 
the series of which the anthropoid Apes are the highest and the Baboons 
and Lemurs are the lowest members, there is a far wider interval, as 
regards the conformation of the extremities, than that which separates the 
former from Man. 

21. The next series of distinctive characters to be considered, are those 
by which Man is adapted to the erect attitude. — On examining his 
Cranium^ we remark that the occipital condyles are so placed, that a per- 
pendicular dropped from the centre of gravity of the head would nearly 
fall between them, so as to be within the base on which it rests upon the 
spinal column. The foramen magnum is not placed in the centre of the 
base of the skull, but just behind it; so that the greater specific gravity 
of the posterior part of the head, which is entirely filled with solid matter, 
is compensated by the greater length of the anterior part, which contains 
many cavities. There is, indeed, a little over-compensation, which gives 
a slight preponderance to the front of the head, so that it drops forwards 
and downwards when all the muscles are relaxed ; but the muscles at- 
tached to the back of the head are far larger and more numerous than 
those in front of the condyles, so that they are evidently intended to 
counteract this disposition ; and we accordingly find ourselves able to keep 
up the head for the whole day with so slight and involuntary an effort 
that no fatigue is produced by it. Moreover, the plane of the foramen 
magnum and the surfaces of the condyles have a nearly horizontal 
direction when the head is upright ; and thus the weight of the skull 
is laid vertically upon the top of the vertebral column. — If these arrange- 
ments be compared with those which prevail in other Mammalia, it wiU 
be found that the foramen and condyles are placed in the latter much 
nearer the back of the head, and that their plane is more oblique. Thus, 
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whilst the foramen magnum is situated in Man just behind the centre 
of the base of the skull, it is found in the Chimpanzee and Orang Outan 
to occupy the middle of the posterior third (Fig. 3) ; and, as we descend 
through the scale of Mammalia, we observe that it gradually approaches 
the hack of the skull, and at last comes nearly into the line of its longest 
diameter, as we see in the Horse. Again, in all Mammalia except Man, 
the plane of the condyles is oblique, so that, even if the head were equally 
balanced upon them, the force of gravity would tend to carry it forwards 
and downwards ; in Man, the angle which they make with the horizon 

Fig. 8. 



View of the base of the Skull of 2fa«, compared with that of the Orang Outan, 

is very small ; in the Orang Outan, it is as much as 37° ; and in the 
Horse, their plane is vertical, making the angle 90°. If, therefore, the 
natural posture of Man were horizontal, the plane of his condyles would 
be brought, like that of the Horse, into the vertical position ; and the 
head, instead of being nearly balanced on the summit of the vertebral 
column, would hang at the end of the neck, so that its whole weight would 
have to be supported by some external and constantly-acting power. But 
for this, there is neither in the skeleton, the ligamentous apparatus, nor 
the muscular system of Man, any adequate provision ; so that in any 
other than the vertical position, his head, which is relatively heavier than 
that of most Mammalia, would be supported with more difficulty and 
effort than it is in any other animal. 

22. The position of the Face immediately beneath the brain, so that its 
front is nearly in the same plane as the forehead, is peculiarly charac- 
teristic of Man ; for in the skulls of the Chimpanzee and Orang, which 
approach nearest to that of Man, the cranial portions are rather posterior 
to, than above, the facial (Figs. 4, 7). The projection of the muzzle, 
taken in connection with the obliquity of the condyles, is another evidence 
of want of perfect adaptation to the erect posture ; whilst the absence of 
prominence in the face of Man shows that none but the erect position can 
be natural to him. For supposing that, with a head formed and situated 
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as at present, he were to move on all-fours, his face would be brought 
into a plane parallel with the ground ; so that as painful an effort would 
be required to examine with the eyes an object placed in front of the 
body, as is now necessary to keep the eyes fixed on the zenith ; the nose 
would then be incapacitated for receiving any other odorous emanations 
than those proceeding from the earth or from the body itself; and the 
mouth could not touch the ground without bringing the forehead and 
chin also into contact with it. The oblique position of the condyles in 
the Quadrumana enables them, without much difficulty, to adapt the in- 
clination of their heads either to the horizontal or to the erect posture ; 
but the natural position, in the highest among them, is unquestionably 
one in which the spinal column is inclined, the body being partially 
thrown forwards so as to rest upon the anterior extremities ; and in this 
position, the face is directed forwards without any effort, owing to the 
mode in which the head is obliquely articulated with the spine (Fig. 7). 

23. The Cranium of Man is further distinguished from that of the anthro- 
poid Apes, not merely by its great capacity, but also by its smoothness; its 
surface being almost entirely deficient in those ridges for the attachment 
of muscles, which are remarkably strong in both the Chimpanzee and the 
Orang, and which impart to its configuration somewhat of a carnivorous 
aspect. This aspect is strengthened by the great depth of the temporal 
fossa, and by the extent and strength of the zygomatic arch ; features 
that are most remarkably developed in the Troglodytes gorilla (Fig. 7). 
Moreover, the jaws in even the most degraded races of Man project far 
leas from the general plane of the face, than they do in the Apes ; and his 
teeth are arranged in a continuous series, without any hiatus or any con- 
siderable difference in length : whilst all the Apes, in their adult state at 
least, are furnished with canine teeth of extraordinary length, between the 
sockets of which and those of the adjoining teeth (anteriorly in the upper 
jaw, and posteriorly in the lower,) there is a vacant space or ‘ diastema.’ 
Even in the most prognathous Human skulls, moreover, the incisors meet 
each other much more nearly in the same axis than they do in the anthro- 
poid Apes, in which they form an angle with each other that is not nearly 
so divergent. The fusion of the intermaxillary or premaxillary bones 
with the superior maxillary, at an early period of foetal life, is a remark- 
able character of the Human cranium, as distinguishing it from that of 
the Apes, in which the intermaxillary bones remain separate to a much 
later period, sometimes differing also very considerably both in size and 
shape. Thus, in the Troglodytes gorilla^ these bones are not only re- 
markable for their prominence, but also for their upward extension round 
the nostrils, so that they completely exclude the maxillary bones from 
their borders, and form the basis of support for the nasal bones ; and al- 
though they coalesce with the maxillaries at and near the alveolar portion, 
they remain separate elsewhere. The lower jaw of Man is remarkable 
for that prominence at its symphysis which forms the chin ; and although 
this, also, is least developed in the most prognathous Human crania, yet it 
is never so deficient as it is in the lower jaw of the Chimpanzee and 
Orang. — It is curious to observe that the skulls of the young of Man and 
of the anthropoid Apes resemble one another much more than do those of 
the adults; each tending to diverge, in its advance towards full develop- 
ment, from a type which seemed almost similar in both (Figs. 4, 5, 6). 
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It is at the time of the second dentition, that the muzzle of the anthro- 
poid Apes acquires its peculiar elongation and consequent projection in 
front of the forehead (Figs. 3, 4); and the whole cast of the features is 
altered at the same time, so that it approaches much more to that of the 
lower Quadrumana than would be supposed from observation of the young 
animal only.* In the Human subject, on the other hand, we see that 
although in the advance from childhood to adult age, there is a progres- 

Fiq. 4. Fig. 6. 



Vertical section of Skull oiAdnli Orang, Vertical eection of Skull of Yowng Orang. 


Fig. 6 



Vertical section of Skull of Papum Negrito. 


sive enlargement of the face in proportion to the capacity of the cranial 
cavity, this augmentation is comparatively small in amount, and but little 
affects the general configuration of the cranium.f 

None but young specimens of the Chimpanzee and Orang Outan have ever been 
brought alive to this country ; and they have never long survived the period of their 
second dentition. 

t See Prof. Owen’s Papers on the Anatomy of the Orang and Chimpanzee, in the 
“Zoological Transactions,” vols. L and iii. ; and Prof. Vrolik in the Art. Quadrumana 
in the “Cyclopsedia of Anatomy and Physiology,” vol. iv. 
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24. The great size of the cranial portion of the skull in Man, as com- 
pared with the facial^ produces a marked difference between his ‘ facial 
angle’ and that of even the highest Quadrumana. According to Camper, 
who first applied this method of measurement, the ‘ facial angle’ of the 
average of European skulls is 80°, whilst in the ideal heads of the Grecian 
gods it is increased to 90°; on the other hand, in the skull of a Kalmuck 
he found it to be 75°, and in that of a Negro only 70°; and applying 
the same system of measurement to the skulls of Apes, he found them to 
range from 64° to 60°. But these last measurements were all taken 
from young skulls, in which the forward extension of the jaws, which 
takes place on the second dentition, had not yet occurred. In the adult 
Chimpanzee, as Prof. Owen has shown, the ‘ facial angle’ (Figs. 4, 5, 6, 

A 0 p) is no more than 35°, and in the adult Orang only SO'’.^ lo that 
instead of the Negro being nearer to the Ape than to the European, as 
Camper’s estimate would make him, the interval between the most de- 
graded Human races and the most elevated Quadrumana, is considerably 
greater than between the highest and the lowest forms of Humanity. It 
must be borne in mind, however, that the ‘ facial angle’ is so much affected 
by the degree of prominence of the jaws, that it can never afford any cer- 
tain information concerning the elevation of the forehead and the capacity 
of the cranium ; all that it can in any degree serve to indicate, being the 
relative proportion between tlie facial and the cranial parts of the skull. 
This proportion is far more correctly determined, as Prof. Owen has 
shown,* by vertical sections of the skulls to be compared, through their 
median planes (Figs. 4, 5, 6) ; and from an extended comparison of such 
sections it appears that whilst the difference between the cranial cavity 
of the higher Apes and that of Man is rather one of relative size than of 
conformation, there is a far more strongly-marked difference, not only in 
relative size hnt also in conformation, between the cranial cavities of the 
higher and those of the lower Quadrumana, the latter being not only far 
less capacious in proportion to the size of the body, but being also dis- 
posed in such a manner that its long diameter comes to be continuous (as 
in Quadrupeds generally) with the axis of the spinal canal, instead of 
crossing it nearly at right angles as in Man. 

25. The Vertebral Column in Man, although not absolutely straight, has 
its curves so arranged, that, when the body is in an erect posture, a ver- 
tical line from its summit would fall exactly on the centre of its base. It 
increases considerably in size in the lumbar region, so as altogether to be 
somewhat pyramidal in form. The lumbar portion in the Chimpanzee 
and Orang is not of the same proportional strength, and contains but four 
vertebrae instead of five. The processes for the attachment of the dorso- 
spinal muscles to this part are peculiarly large and strong in Man ; and 
this arrangement is obviously adapted to overcome the tendency which 
the weight of the viscera in front of the column would have to draw it 
forwards and downwards. On the other hand, the spinous processes of 
tjhe cervical and dorsal vertebrae, which in other Mammalia are large and 
strong for the attachment of the ligaments and muscles that support the 
head, and which are peculiarly pronounced in the Gorilla (Fig. 7), have 
comparatively little prominence in Man, his head being nearly ba- 
lanced on the top of the column. — The base of the Human vertebral 

* “ Zoological Transactions,” vol. iv., p. 77 ei sej. 
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column is placed on a sacrum of greater proportional breadth than that 
of anj other animal j this sacrum is fixed between two widely-expanded 
ilia ; and the whole pelvis is thus peculiarly broad. In this manner, the 
femoral articulations are thrown very far apart, so as to give a wide 
basis of support ; and by the oblique direction of the pelvis, the weight 
of the body is transmitted almost vertically from the top of the sacrum to 
the upper part of the thigh-bones. The pelvis of the anthropoid Apes 

Fio. 7. 



Skeleton of Troglod^t$i Chrilla, 


is very differently constructed ; as will be seen in the adjoining Plate, 
in which the skeleton of the Orang is placed in proximity with that of 
Man. It is much larger and narrower ; its alse extend upwards rather 
t.hfl.Ti outwards, so that the space between the lowest ribs and the crest of 


DISTINCTIVE CHAKACTEBISTICS OF MAN. 


27 


the iliac bones is much less than in Man; their surfaces are nearly 
parallel to that of the sacrum, which is itself longer and narrower ; and the 
axis of the pelvis is nearly parallel with that of the vertebral column. The 
position of the Human femur in which its head is most securely retained in 
its deep acetabulum, is that which it has when supporting the body in the 
erect attitude ; in the Chimpanzee and Orang its analogous position is at 
an oblique angle to the long axis of the pelvis, so that the body leans 
forwards in front of it (Fig. 7) ; in many Mammalia, as in the Ele- 
phant, it forms nearly a right angle with the vertebral column ; and in 
several others, as the Horse, Ox, &c. the angle which it makes with the 
axis of the pelvis and vertebral column is acute. In these respects, then, 
the skeleton of Man presents an adaptation to the erect posture, which 
is exhibited by that of no other Mammal ; but that of the anthropoid 
Apes presents a far nearer approximation to the Human model in all the 
foregoing particulars, than it does to that of the lower Quadrumana. 

26. There is a considerable difference in the form of the trunk, between 
Man and most other Mammalia; for his thorax is expanded laterally, and 
flattened in front, so as to prevent the centre of gravity from being carried 
too far forwards ; and his sternum is short and broad. Between the bony 
walls of the thorax and the margin of the pelvis, a considerable space 
intervenes, which is occupied solely by muscles and tegumentary mem- 
branes; and these would be quite insufficient to sustain the weight of the 
viscera, if the habitual position of the trunk had been horizontal. — In 
these particulars, however, the most anthropoid Apes agree more or less 
completely with Man. 

27. The lower extremities of Man are remarkable for their relative 
length, which is greater than that which we find in any other Mammalia, 
except the Kangaroo tribe. The chief difference in their proportions be- 
tween Man and the semi-erect Apes, is seen in the thigh ; and it is from 
the relative length of this part in him, as well as from the comparative 
shortness of his anterior extremities, that his hands only reach the middle 
of his thighs, whilst in the Chimpanzee they hang on a level with the 
knees (Fig. 7), and in the Orang they descend to the ankles (Plate). 
The Human femur is distinguished, however, by its form and position, as 
well as by its length. The obliquity and length of its neck still further 
increase the breadth of the hips ; whilst they cause the lower extremities 
of the femora to be somewhat obliquely directed towards each other, so 
that the knees are brought more into the line of the axis of the body. 
This arrangement is obviously of great use in facilitating the purely biped 
progression of Man, in which the entire weight of the body has to be 
alternately supported on each limb ; for if the knees had been kept further 
apart, the whole body must have been swung from side to side at each step, 
so as to bring the centre of gravity over the top of each tibia ; as is seen 
to a certam extent in the female sex, whose walk, owing to the greater 
breadth of the pelvis and the separation between the knees, is less steady 
than that of the male. There is also a marked diflerence between the 
knee-joint of Man, and that of even the highest Apes. In the former, the 
opposed extremities of the femur and the tibia are so expanded as to pre- 
sent a very broad articulating surface, and the internal condyle of the 
femur being the longer of the two, the two condyles are in the same hori- 
zontal plane in the usual oblique position of that bone ; so that by this 
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arrangement, the whole weight of the bodj, in its erect posture, falls ver- 
tically on the top of the tibia, when the joint is in the firmest position in 
which it can be placed. The knee-joint of the Orang, on the other hand, 
is comparatively deficient in extent of articulating surface ; and its whole 
conformation indicates that it is not intended to serve as more than a 
partial support. — In regard to the general conformation of the bones of 
the extremities, it may be most explicitly affirmed that the differences 
which undoubtedly exist between Man and the anthropoid Apes are much 
less considerable than those which present themselves between the latter 
and those Baboons and Lemurs whose ordinary mode of progression is 
quadrupedal. And thus, after contrasting one part after another of the 
skeleton of Man with the corresponding parts of the skeleton of the higher 
Apes, we are led in every instance to the same conclusion. It is quite 
true that between Man and those Apes which approach him most closely, 
there is a wider hiatus than we usually meet with between the members 
of the Quadrumanous series, which as a whole presents a remarkably gra- 
dational transition between its higher and lower forms ; and the existence 
of this hiatus has been used as an argument for ranking Man in a distinct 
Order. But since, as we ascend that series, we witness a gradual ten- 
dency towards the anthropoid form, and since in passing from the highest 
Apes to Man we only come somewhat abruptly upon the culmination of 
that ascent without being led off in any other direction, it would be con- 
trary to the whole idea of Zoological classification to place Man in a dis- 
tinct category from them as regards his corporeal structure, whatever we 
may think it right to do when we take his psychical constitution into 
accoimt.* And it is to be borne in mind that this hiatus — like ipaany 
similar gaps in our classification of existing animals which have been filled 
up by the progress of palsBontological research — may be simply due to 
that extinction of intermediate forms which (there is constantly increas- 
ing reason to believe) has taken place in past ages of the Earth’s history, 
to an extent of which the remains hitherto known to us afford but a very 
imperfect idea. That it may not be completely bridged-over by such in- 
termediate links, no one has any right to affirm upon negative evidence 
only ; more especially in the face of the positive evidence afforded by the 
recent discovery of a very remarkable fragment of a skull, which, while 
unquestionably Human, resembled that of the Gorilla in the comparative 
lowness of its vault, the smallness of its capacity, and the extraordinary 
prominence of its superciliary ridges, f 

28. The most characteristic peculiarity of the Human Myology,, is the 
great development of those muscles of the trunk and limbs, which con- 
tribute to the maintenance of the erect posture. Thus, the gastrocnemii, 
and the other muscles which tend to keep the leg erect upon the foot, 
form a much more prominent ‘calf’ than is seen either in the most 
anthropoid Apes, or in any other animal. So, again, the extensors of the 
leg upon the thigh are much more powerful than the flexors ; a character 

* We meet with a similarly abrupt transition at the other extremity of the series, in 
the Chei/romys or Aye-aye ; an animal which Zoologists now agree to rank among the 
Quadrumana in virtue of its general Lemnrine aihnities, although in dentition and 
sereral other particulars it bears so ftrong a resemblance to the Kodents as to have 
been placed among them by Cuvier. 

t See “ Natural History Review,” vol.^., 1861, p. 166 ; and Prof. Huxley ‘On some 
Foi^ Remains of Man,’ in his “Evidence as to Man’s Place in Nature,” 1863. 
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which is peculiar to Man. The glutsei, by which the pelvis is kept erect 
upon the thigh, are of far greater size than is elsewhere seen. The 
superior power of the muscles tending to draw the head and spine back- 
wards, has been already referred-to. Among the differences in the attach-* 
ment of individual muscles, it may be noticed that the ‘ flexor longus pollicis 
pedis’ proceeds in Man to the great toe alone, on which the weight of the 
body is often supported ; whilst it is attached in the Chimpanzee and 
Orang to the three middle toes also. The * latissimus dorsi’ is destitute in 
Man of that prolongation attached to the olecranon, which is found in 
the lower Mammalia, and which exists even in the Chimpanzee, probably 
giving assistance in its climbing operations. The larger size of the muscles 
of the thumb, is, as might be expected, a characteristic of the hand of 
Man; although the number of muscles by which that digit is moved, is the 
same in the Chimpanzee as in the Human subject. The separation of the 
‘ extensor digiti indicis,’ however, as a distinct muscle, is peculiar to Man. 

29. The Visceral apparatus of Man presents very few characteristic 
peculiarities, by which it can be distinguished from that of the higher 
Quadrumana ; among the most remarkable is the absence of the laryngeal 
pouches, which exist even in the Chimpanzee and Orang Outan, as dila- 
tations of the laryngeal ventricles. Of the anatomy of the last-named 
animals in their adult condition, however, we know as yet too little to 
enable its conformity to that of Man to be confidently pronounced-upon. 

30. The Brain of Man does not differ so much in conformation from 
that of the Chimpanzee and Orang, as the superiority of his mental 
endowments might have led us to anticipate. The following are the 
principal differences which it seems to present: — 1. The mass of the 
entire brain is considerably larger in proportion to that of the body, and 
in proportion also to the diameter of the spinal cord and of the nerves 
which are connected with it. — 2. In the external configuration of the 
Cerebrum, we notice that its anterior lobes project further beyond the 
Eh inencephalon, or Olfactive Ganglion, than they do in the highest 
Quadrumana ; a difference which is well marked in the sectional contour 
of the brain-case, the rhin encephalic fossa of the Orang (Fig, 4, rh) being 
at its most anterior part ; whilst even in the least elevated forms of the 
Human skull, this fossa (of which the cribriform plate of the ethmoid 
bone constitutes the floor) has no inconsiderable part of the cranial cavity 
in front of it (Fig. 6, rK). — 3. The lobes also are more developed, 
so as to project further beyond the Cerebellum than they do in the 
Quadrumana generally. — 4. The Convolutions are more numerous and com- 
plex, and usually more or less unsymmetrical, and the sulci are deeper. 
It appears, however, that in the lower races of Mankind, the brain pre- 
sents, both in the simplicity and the precise symmetry of its convolutions, 
a much closer approximation to the Quadrumanous type than it does 
in the higher. — 5. On examining the internal structure, it is found 
that the peripheral layer of grey matter is thicker, the corpus callosum ex- 
tends further backwards, and the posterior cornua of the lateral ventricles 
are relatively longer and larger than they usually are in Quadrumana.* — 
6. The Cerebellum, also, is proportionally larger. 

* It has been recently asserted by Prof. Owen Journal of the Proceedingii of the 
Linnsean Society,” vol. ii. p. 19) that the existence of the posterior lobes of the 
Cerebrum, of the posterior cornua of the lateral ventricles, and of the hippocampus 
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31. The small size of the face of Man, compared with that of the 
cranium, is an indication that in him the senses are subordinate to the 
intelligence. Accordingly we find that while he is surpassed by many of 
the lower animals in acuteness of sensibility to light, sound, &c., he stands 
pre-eminent in the power of comparing and judging of his sensations, and 
of thence drawing conclusions as to their objective sources. Moreover, 
although none of his senses are very acute in his natural state, they are 
all moderately so ; and they are capable of being wonderfully improved 
by practice, when circumstances strongly caU for their exercise. This 
seems especially the case with the tactile sense, of which Man can make 
greater use than any other animal, in consequence of the entire fireedom 
of his anterior extremities; although there are many which surpass him in 
their power of appreciating certain classes of tactile impressions. — So, 
again, Man’s nervo-muscular power is inferior to that of most other 
animals of his size: the fuU-grown Orang, for example, surpasses 
him both in strength and agility; and the Gorilla, according to the 
statements of the Negroes who have encountered it, is more than a match 
for any single man, and is almost certain to destroy any human opponent 
once within his grasp. — The absence of any natural weapons of offence, 
and of direct means of defence, are remarkable characteristics of Man, and 
distinguish him not only Jfrom the lower Mammalia, but also from the 
most anthropoid Apes ; in which it is obvious (both from their habits and 
general organization) that the enormous canines have no relation to a 
carnivorous regimen, but are instruments of warfare. On those animals 
to which Nature has denied weapons of attack, she has bestowed special 
means either of passive defence, of concealment, or of flight ; in each of 
which Man is relatively deficient. Yet by the superiority of his reason 
he has been enabled not only to resist the attacks of other animals, but 
even to bring them into subjection to himself. His intellect can scarcely 
suggest the mechanism which his hands cannot frame ; and he has de- 
vised and constructed arms more powerful than those which any creature 
wields, and defences so secure as to defy the assaults of all but his 
fellow-men. 

32. Man is fruther remarkable for his extraordinary power of adapta- 
tion to varieties in external condition, which renders him to a great 
extent independent of them. He is capable of sustaining the highest as 
well as the lowest extremes of temperature and of atmospheric pressure. 
In the former of these particulars, he is strikingly contrasted with the 
anthropoid Apes; the Gorilla and Chimpanzee being restricted to the 
hottest parts of Africa, and the Orang Outan to the tropical portions of 
the Indian Archipelago ; and neither of these animals being capable of 
living in temperate climates without the assistance of artificial heat, even 
with the aid of which they have not hitherto long survived their second 
dentition. So, again, although Man’s diet seems naturally of a mixed 
character, he can support himself in health and strength either on an ex- 
clusively vegetable diet or on an almost exclusively animal regimen. 

minor which projects into each cornu, is peculiar to the genus Homo, How strangely 
inconsistent is this assertion with the well-known and certainly-ascertained facts of the 
isase, has been conclusively shown by Prof. Huxley in his Memoir ‘ On the Zoological 
Relations of Man with the Lower Animals,* in the “ Natural History Review,” Jan. 
1861, p. 71 et seq . ; and the chief points of the controversy have since been succinctly 
skated in his '^Evidence as to Man’s Place in Nature,** 1863. 
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33. The slow growth of Man, and the length of time during which he 
remains in a state of dependence, are peculiarities that remarkably dis- 
tinguish him from aU other animals. He is unable to obtain his own 
food during at least the first three years of his life; and he does not 
attain to his frill bodily stature and mental capacity until he is more than 
twenty years of age. This retardation of the developmental process 
seems to have reference to the high grade which it is ultimately to attain ; 
for everywhere, throughout the Organized Creation, do we observe that 
the most elevated forms are those which go through the longest pre- 
paratory stages, and of which the evolution is most dependent upon the 
assistance afforded by the parental organism during its earlier periods. 
The peculiar prolongation of this state of dependence in the Human 
species, has a most important and evident effect upon the social condition 
of the race ; being, in fact, the chief source of ferity ties, and affording 
the opportunity for those processes of education, direct and indirect, which 
transmit to the rising generation the influence of the intellectual culture 
and moral training of the past. 

34. StiU, however widely Man may be distinguished from other animals 
by these and other particulars of his structure and economy, he is yet 
more distinguished by those mental endowments, and by the habitudes of 
life and action thence resulting, which must be regarded as the essential 
characteristics of Humanity. It is in adapting himself to the conditions 
of his existence, in providing himself with food, shelter, weapons of attack 
and defence, &c., that Man’s intellectual powers are first called into active 
operation ; but when thus aroused, their development has no assignable 
limit. The Will, guided by the intelligence, and acted-on by the desires 
and emotions, takes the place in Man of the Instinctive propensities which 
are usually the immediate springs of action in the lower animals ; for 
although, among the most elevated of these, a high amount of Intelligence 
is exhibited, yet its operations seem to be always directly attributable to 
external suggestions, present or remembered ; and the character never 
rises beyond that of the child. In fact, the correspondence between the 
psychical endowments of the Chimpanzee, and those of a Child of three years 
old who has not yet begun to speak, is very close. — One of the most 
important aids in the use and development of the Human mind, is the 
capacity for articulate speech ; of which, so far as we know, Man is the only 
animal in possession. There is no doubt that many other species have cer- 
tain powers of communication between individuals; but these are probably 
very limited, and of a kind more allied to “ the language of signs ” than 
to a proper verbal language. In fact, it is obvious that the use of a 
language composed of a certain number of distinct sounds, combined into 
words in a multitude of different modes, requires a power of intellectual 
abstraction and generalization, in which it appears that the lower animals 
are altogether deficient. So, again, verbal language affords the only 
means whereby abstract ideas can be communicated ; and those who have 
perused the interesting narrative given by Dr. Howe of his successful 
training of Laura Bridgeman, will remember how marked was the im- 
provement in her mental condition, from the time when she first appre- 
hended the fact that she could give such distinct expression to her 
thoughts, feelings, and desires, as should secure their being comprehended 
by others. 
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35. The capacity for intellectual progress is a most remarkable pecu- 
liarity of Man’s psychical nature. The instinctive habits of the lower 
Animals are limited, are peculiar to each species, and have immediate 
reference to their bodily wants* Where a particular adaptation of means 
to ends, of actions to circumstances, is made by an individual, the rest do 
not seem to profit by that experience; so that, although the instincts 
of particular animals may be modified by the training of Man, or by the 
education of circumstances, so as to show themselves after a few genera- 
tions imder new forms, no elevation in intelligence appears ever to take 
place spontaneously, no psychical improvement is manifested in the species 
at large. In Man, on the other hand, we observe not merely the 
capability of profiting by experience, but the determination to do so ; 
which he is enabled to put into action by the power which his Will 
(when properly disciplined) comes to possess, of directing and controlling 
his current of thought, by fixing his attention upon any subject which he 
desires to keep before his mental vision. This power, so far as we know, 
is peculiar to Man ; and the presence or absence of it constitutes the 
difference between a being possessed of power to determine his own 
course of thought and action, and a mere thinking automaton. 

86. Man’s capacity for progress is connected with another element in 
his nature, which it is difficult to isolate and define, but which inter- 
penetrates and blends- with his whole psychical character. “ The Soul,” it 
has been remarked, is that side of our nature which is in relation with 
the Infinite ; ” and it is the existence of this relation, in whatever way we 
may describe it, which seems to constitute one of the most distinctive 
peculiarities of Man. It is in the desire for an improvement in his 
condition, occasioned by an aspiration after something nobler and purer, 
that the main-spring of human progress may be said to lie ; among the 
lowest races of mankind, the capacity exists, but the desire seems dormant. 
When once thoroughly awakened, however, it seems to ‘‘ grow by what 
it feeds on;” and the advance once commenced, little external stimulus is 
needed ; for the desire increases at least as last as the capacity. In tlie 
higher grades of mental development, there is a continual looking-up wards, 
not (as in the lower) towards a more elevated Human standard, but at 
once to something beyond and above Man and Material Nature. This 
seems the chief source of the tendency to believe in some unseen existence ; 
which may take various forms, but which seems never entirely absent 
from any race or nation, although, like other innate tendencies, it may 
be deficient in individuals. Attempts have been made by some travellers 
to prove that particular nations are destitute of it ; but such assertions 
have been based only upon a limited acquaintance with their habits of 
thought, and with their outward observances; for there are probably 
none who do not possess the idea of some invisible Power, external to 
themselves, whose favour they seek, and whose anger they deprecate, by 
sacrifice and other ceremonials. It requires a higher mental cultivation 
than is commonly met-with, to conceive of this Power as having a 
spiritual existence ; but wherever the idea of Spirituality can be defined, 
this seems connected with it. The vulgar readiness to believe in ghosts, 
demons, &c., and the vagaries of the so-called ‘ Spiritualists ’ of recent 
times, are only irregular or depraved manifestations of the same tendency. 
Closely connected with it, is the desire to participate in this spiritual 
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existence 5 of which the germ has been implanted in the mind of Man, 
and which, developed as it is by the mental cultivation that is almost 
necessary for the formation of the idea, has been regarded by philoso- 
phers in all ages as one of the chief natural arguments for the immortality 
of the soul. By this immortal soul, Man is connected with that higher 
order of being, in which Intelligence exists, untrammelled by that corporeal 
mechanism through which it here operates ; and to this state, — a state of 
more intimate communion of mind with mind, and of creatures with 
their Creator, — ^he is encouraged to aspire, as the reward of his improve- 
ment of the talents here committed to his charge. 


CHAPTER III. 

or FOOD, AND THE DIGESTIVE PROCESS. 

1. Of Food^ its Nature and Destination. 

37. The substances which are required by Animals for the develop- 
ment and maintenance of their fabric, are of two kinds ; — ^the Organic 
and the Inorganic. The Organic alone are commonly reckoned as 
aliments ; but the latter are really not less requisite for the sustenance 
of the body, which speedily disintegrates, if the attempt be made to sup- 
port it upon any Organic compounds in a state of purity. In all ordinary 
articles of diet, however ,^he Inorganic matters are present in the requisite 
proportion ; and hence it is that the necessity which exists for their em- 
ployment has very commonly escaped notice. 

38. The Organic compounds usually employed as food by Man, are 
partly derived from the Animal, and partly from the Vegetable kingdom; 
and they maybe conveniently arranged under the four following heads:* 
— 1. The Saccharine group, including all those substances, derived from 
the Vegetable kingdom, which are analogous in their composition to 
Sugar ; consisting of oxygen, hydrogen, and carbon alone ; and having the 
first two components united in the proportions to form water. To this 
group belong starch, gmn, woody-fibre, and the cellulose of Plants, which 
closely resemble each other in the proportion of their element^, and 
w'hich may be converted into Sugar by chemical processes of a simple 
kind ; whilst Alcohol, which is derived from Sugar by the process of fer-% 
mentation, has a composition which rather connects it with the next group. 
— 2. The Oleaginous group, including oily matters, whether derived from 
the Vegetable kingdom, or from the fatty portions of Animal bodies. 
The characteristic of this class lies in the great predominance of hydro- 
gen and carbon, the small proportion of oxygen, and the entire absence 
of nitrogen. — 3. The Albuminous group, comprising all those substances, 
whether derived from the Animal or the Vegetable kingdom, which are 
closely allied to Albumen, and through it to the Animal tissues gene- 

* Dr. Trout’s classification of alimentary substances is here adopted, with a slight 
modification ; not as being altogether unexceptionable, but as being, in the Author's 
opinion, the most convenient hitherto proposed. 

D 
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rally, in their chemical composition. In this group a large proportion 
of azote is united with the oxygen, hydrogen, and carbon of the preceding. 
— 4. The Gelatinous group, consisting of substances derived from Animal 
bodies only, which are closely allied to Gelatine in their composition. 
These also contain azote ; but the proportion of their components differs 
from that of the preceding. — There are many other substances, however, 
which, though truly alimentary, and consumed to a considerable amount, 
cannot be legitimately placed imder either of the above heads ; such are, 
for example, the Vegetable Acids, and Pectine or vegetable jeUy. 

39. Compounds belonging to the Saccharine group appear to be widely 
distributed in the various tissues and fluids of the body. Thus Inosite 
+ 4 Aq. has been found in the heart, liver, lungs, spleen, kidneys, 
and brain, and occasionally in the volimtary muscles. Grape Sugar 
+ 2 Aq. has been observed in the blood, chyle, and lymph, and 
there may even be a trace in the urinary secretion of some healthy persons ; * * * § 
i^d Lactose or sugar of milk + Aq. is invariably present in the 

milk of the Mammal. Analogous compounds are found in certain parts of 
the nervous centres, in the prostate gland, and in pathological conditions 
of various other organs ; and from the resemblance which these substances 
present, in their form and reactions, to grains of starch, the term * corpora 
amylacea ’ has been applied to them by Virchow. In the liver, again, a 
peculiar soluble substance exists analogous to dextrine in its character ; 
this, from the readiness with which it can be converted into sugar, is 
termed Glycogen by its discoverer Bernard. Lastly, in certain em- 
bryonic and uterine structures a homogeneous plasma, called by Eouget 
Zo-amylinef is contained, whose constitution, though probably analogous 
to starch, has not yet been accurately ascertainld. That a great part of 
these Saccharine and Amyloid compounds are derived directly from the 
food, is clearly shown by the following experiment of M. Bernard — 
The muscular tissue of a &sting horse was found, on carefiil exami- 
nation, to be perfectly free from amyloid substances; but in the 
muscles of the same animal a few hours after a ftiU meal, abundant 
evidence of their presence was obtained. But it seems also to be 
established that compoimds presenting a close analogy to sugar may 
be obtained by the metamorphosis of oleaginous as weU as of albu- 
minous substances within the body ; of which we have examples in 
their continued formation in the liver when completely absent in 
the food, during even the last stages of inanition, and in their presence 
and gradual increase in the egg of the bird during incubation. Before 
absorption. Starch is for the most part converted into dextrine and sugar ; 
whilst sugar is itself partially decomposed into lactic and butyric acids. 
After absorption, decomposition into lactic§ and ultimately into carbonic 

* Brilcke, “ Joamal de la Physiologic,” vol. ii. 1850, p. 330. 

+ ** Journal de la Physiologic, ” vol. ii. 1860, pp. 83, 808. 

t <‘Le 5 ons,” 1850, vol. ii. p. 112. 

§ Lactic Acid CpH^O.+H 0 is a compound of considerable chemical and physiological 
interest; for it is related not only to the Saccharine group, but also to both 

Albuminous and Oleaginous compounds. With the former it has been shown by 
Kolbe to be closely connected, since it is a product of the oxidation of Alanin, which is 
isomeric with Sarcosin, a derivative of Kreatine, a well-known product of the retrogres- 
mve metamorphosis of Albumen ; whilst to the Oleaginous substances it is related by 
the similarity of its composition to Propionic Acid, which is a product of the oxidation 
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acid takes place. And thus by a process of oxidation or combustion, these 
compounds become directly subservient to the maintenance of the heat of 
the body. The small quantity of Sugar naturally present in the blood 
aids in retaining the carbonate and phosphate of lime in solution, and 
according to Hoppe, assists that metamorphosis by which fat is generated 
from the albuminous compounds.* That the Saccharine substances are, 
•per s«, insufficient for the maintenance of life has been shown by nume- 
rous experiments upon animals, and has lately been confirmed (though 
confirmation was scarcely needed) by the interesting observations of Dr. 
Hammond on himself.f 

40. The Oleaginous compounds which enter so largely into the 
composition of the body, — ^being not only stored up in masses in the 
adipose substance, but also forming constant and important constituents of 
the muscular, nervous, and other tissues, — are partly introduced into tl|e 
system from without, and are also partly the result of the chemical meta- 
morphoses effected within the body upon the albuminous and saccharin^ 
compounds : by which means the latter become subservient to the nutri- 
tion of the several nitrogenous as well as non-nitrogenous tissues. Pre- 
vious to absorption the oleaginous substances undergo fine divisicm, and, 
perhaps, to some extent saponification ; whilst after their entrance into the 
circulation they are partly applied to the purposes of nutrition, and partly, 
there is good reason for believing, combine immediately with oxygen, and 
thus support the animal heat. Like the saccharine, tie oleaginous com- 
pounds when consumed alone are wholly incapable of supporting life ; 
and the only benefit that a starving animal obtains from their consumption 
is the maintenance of its temperature, and a consequent slight prolongation 
of its life ; death occurring, as has been shown by Mr. Savory, when non- 
nitrogenous food is freely supplied, J not from loss of temperature, as in 
inanition, but from loss of tissue. 

41. The substances forming the Alhuininons group are applicable to 
the support of the Animal body, both by affording the materials for the 
nutrition and re-formation of its tissues, and also by serving (if required) 
for the maintenance of its heat, through the decomposition of which they 
are susceptible, into hydrocarbonaceous matters adapted for combustion 
in the lungs, and highly-azotized compounds which pass-off by the 
kidneys. The proportions of carbon, hydrogen, oxygen, and nitrogen, of 

of Oleic Acid, and it is thus associated with Formic and Butyric Acids. That Lactic 
Acid is derived from the disintegration of the Albuminous compounds, is strongly indi- 
cated by the fact that it is found in greatly increased proportion in muscles which have 
been previously exercised. It appears to 1^ rapidly decomposed in the blood (Carbonic 
Acid being left in combination with the bases), since, a few minutes after the introduc- 
tion of considerable quantities of alkaline lactates into the stomach, the urine is found 
to be alkaline from the presence of their carbonates. 

* Archiv f. Path. Anat.,” x. p. 140. 

t Dr. Hammond, ‘‘Experimental Researches on Food,” Philadelphia, 1857. Dr. Ham- 
mond limited himself on one occasion to a diet of about 141 b. of gum per diem, and 
on another to a similar quantity of starch and water. In both sets of experiments 
hunger, debility, and febrile excitement were soon experienced, and he was finally 
compelled to discontinue the gum diet on the fourth day, though he was able to per- 
severe in the use of the starch till the tenth, — ^a circumstance which was probably 
partly due to its still retaining a small proportion of gluten, and partly to its not pro- 
ducing such serious disorder of the stomach and bowels as the gum. 

t “Proceedings of ^yal Society,” May 1, 1862. 
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86 


OF FOOD, AND THE DIGESTIVE PROCESS. 


which all these substances are composed, appear to be identical ; and they 
seem all capable of being reduced by ^e digestive process to a like 
condition. Hence it is a matter of little consequence, except as regards 
the proportion of inorganic matters with which they may be respectively 
united, whether we draw our histogenetic materials from the flesh of 
animals, from the white of egg (albumen), from the curd of milk (casein), 
from the grain of wheat (gluten), or from the seed of the pea (legumin). 
Neither of these substances, however, can long sustain life when it 
is used by itself; for it has been experimentally ascertained,* that by 
being made to feed constantly on the same substance (boiled white-of- 
egg, for instance, or meat deprived of the osmazome that gives it 
flavour), an animal may be efiectually starved ; its disgust at such food 
being such, that even if this be swallowed, it is not digested, j* — The 
organized fhbric of Animals contains also a large quantity of Gelatine, It 
seems certain that this substance may be produced out of fibrin and 
albumen ; since in animals that are supported on these, or, at least, con- 
sume no gelatine with their food, the nutrition of the gelatinous tissues 
does not seem to be impaired. The recent experiments of Bischolf and 
VoitjJ when taken in conjunction with the inquiries of the commissioners 
appointed to investigate the subject in Paris and Amsterdam, § appear to 
have establislied that, though gelatine is not destitute of nutritive value, 
it cannot permanently replace albumen as an article of diet. For a short 
period it ‘may indeed be serviceably, perhaps even advantageously em- 
ployed; and the nutritive value which experience has long assigned to 
soups, broth, &c., whilst partly attributable to the albuminous matters which 
they hold in solution, may also in some measure be due to the readiness 
with which their gelatinous constituents can be absorbed and applied to the 
purposes of nutrition and calorification. The very large quantity of 
gelatine which Bischofif and Voit found it necessary to make their dog con- 
sume in order to maintain its weight, — a quantity of the dry gelatine, in 
fact, equal to the weight of moist flesh on which the animal was ordinarily 
fed, — is worthy of particular notice, and furnishes an explanation of the 
negative results which were obtained by previous inquirers. That it 

* Dr. Hammond limited himself for a period of ten days to a diet of about lb. of albu- 
men obtained from the serum of bullock’s blood, and 4 lbs. of distilled water per diem. 
Little inconvenience was experienced until the fourth day, when loss of appetite, headache, 
and debility were felt. The severity of these symptoms rapidly increased, and the dis- 
gust which the monotony of the diet occasioned was so great that it was with much diffi- 
culty that the albumen could be eaten. On the seventh day, albumen appeared in the 
urine ; and on the 9th, such severe diarrhoea set in that he was compelled to give up the 
experiment. There was no failure in the maintenance of the temperature of the body, 
though its weight was notably diminished at the end of the experiment, and the mental 
faculties remained clear throughout. 

f It is very interesting to remark (with Dr. Prout) that, in the only instance in which 
Nature has provided a sinffle article of food for the support of the animal body, she has 
mingled articles from the first three of the preceding groups. This is the case in Milk, 
which contains a considerable quantity of an albuminous substance, caaeiut which forms 
its curd ; a good deal of oily matter, the butter ; and no inconsiderable amount of sugar ^ 
which is dissolved in the whey. The proportions of these vary in different Mammalia, 
and they depend in part upon the nature of the food supplied to the Animal that forms 
the milk ; but the substances are thus combined in eveiy instance. 

t ‘^Gesetze der Emfihrung,” 1860, p. 215. 

§ See the Report of the French ^Gelatine Commission, * § in the ** Oompt. Rend.” Aofit, 
1841 ; and that of the Amsterdam Commission in **Het. Instituut,” No. 2, 1848, and 

Gazette M5dicale/* Mars 16, 1844. 
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rapidly undergoes a decomposition analogous to that of the albuminous 
compounds, is evident from the observations of Frerichs on the result of 
the ingestion of large quantities of pure gelatine : this being a marked 
increase in the proportion of urea in the urine, with an elevation of its 
specific gravity from 1018 to 1030 or even 1034. 

42. The substances which cannot be arranged under either of the pre- 
ceding groups, are, for the most part, of the Non-azotized class ; and, as 
they mainly consist of compounds in which the hydrogen and carbon are 
not combined with their frill equivalents of oxygen, they are made to 
contribute to the calorifying process by undergoing oxidation within the 
system, so as to be excreted in the form of carbonic acid and water. Some 
of these, moreover, have very special uses in the economy (§46, rv.). 

43. Up to a comparatively recent period, attempts have been made to 
divide all kinds of food, in accordance with their supposed application in 
the body, into two great classes, called respectively the “ histogenetic ” or 
tissue-forming, and the ^‘respiratory” or heat-producing aliments. It was 
imagineij that a definite line could be drawn between the non-azotized, 
including the oleaginous and saccharine substances, on the one hand, and 
the azotized, embracing the albuminous group and gelatine, on the other ; 
the former being subservient to the production of heat, the latter to the 
repair and development of the different tissues. To a certain extent this 
division is imquestionably based on correct principles. The presence of a 
large proportion of Nitrogen in all the higher tissues of the Animal body 
clearly indicates that for their due nutrition some substance containing 
Nitrogen should be consumed as food ; and the justice of this inference has 
been fully borne out by experiment. In this sense, then, the albuminous 
and gelatinous substances are truly histogenetic. On the other hand, the 
large proportion of Carbon and Hydrogen in saccharine and oleaginous 
compounds naturally suggests that the chief purpose to which they are 
applied in the body is the maintenance of its temperature by their com- 
bination with Oxygen. But the muscular, nervous, and glandular 
tissues are not composed of albuminous substances alone ; they con- 
tain, as an essential constituent of their structure, a certain proportion of 
fat, without which their composition would be imperfect, and the per- 
formance of their functions impossible. Such fat then must be considered 
as “ histogenetic ” and not as “ calorilacient ” fat ; though like that which 
exists in the free state in the blood, or is stored-up in the adipose tissue, 
after having fulfilled its functions, it may be applied by its combustion to 
the support of the animal heat. In a manner essentially similar, the 
albuminous substances ingested, whilst partly becoming assimilated and 
applied to the nutrition of the tissues, are partly also directly decomposed 
in the blood ; the products of their disintegration in both instances com- 
bining with oxygen, and yielding a certain amount of heat; so that, 
like ^e oleaginous and saccharine substances, they are applied to the 
carrying out of both provisions, the formation of tissues and the mainte- 
nance of an elevated temperature, though undoubtedly in both cases to a 
very unequal de^ee. It is therefore impossible to measure the value of 
any particular kind of food for either purpose by a consideration merely 
of its ultimate or even of its proximate constitution ; since its fitness as an 
article of diet will also depend upon the facility with which it may he 
reduced by the digestive process, and afterwards assimilated. Thus an 
aliment abounding in nutritive matter, may be inferior to one which 
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really contains a mucli smaller proportion, if only a part in the first case, 
and the whole in the second, be readily taken-up by the system. 

44. It is obvious that the most economical diet will be that in which 
there is the most perfect apportionment of the several classes of consti- 
tuents to the wants of the system ; and these will vary with the amount 
of muscular exertion put forth, and with the elevation or depression of 
the external temperature. Thus, for a man of ordinary habits, and living 
under a medium temperature, a diet composed of either bread or of 
animal flesh alone is far from being flie most economical. No 
doubt there are particular conditions of existence, under which life may 
be advantageously supported upon animal food alone. Thus the Guachos 
of South America, who pass the whole day in the saddle, and lead a life 
of constant activity resembling that of a carnivorous animal, scarcely ever 
taste anything but beef ; and of this their consumption is by no means 
great ; for the temperature of the surroimding atmosphere is so high, that 
the body has no occasion to generate more heat than is supplied by the 
combustion of the hydro-carbonaceous portion of the albumen of the food 
or of ‘ waste ’ of the tissues. Here, then, the demand for histogenetic 
material being at its maximum, and that for combustive materials at its 
minimum, the former supplies all that is requisite for the latter. Again, 
the Esquimaux and other dwellers upon the Arctic seas find in the bodies 
of the whales, seals, &c., whereon they subsist, that special supply of the 
very best combustive material, which alone can enable them to maintain 
their existence in a climate, where the thermometer is for many weeks or 
months in the year at — 40° or even lower, and where the amount of heat 
which must be generated within the body is four or five times that for 
which a diet of bread wiU suffice. — On the other hand, the general expe- 
rience of the inhabitants of warm climates seems in favour of a diet chiefly 
or entirely vegetable ; and its peculiar suitableness appears to consist in its 
affording an adequate supply of the plastic alimentary substances, in com- 
bination with farinaceous matters that give the requisite hulk to the 
food, without affording more combustive material than the system 
requires, — the quantity of starch which imdergoes conversion, and which 
is introduced as sugar into the circulation, being apparently governed 
rather by the demands of the respiratory process, than by the amoimt 
ingested ; and the remainder being voided again unchanged. 

45. In a well-arranged system of diet, the proportion that the non- 
azotized substances ought to bear to the azotized should be determined 
by the proportion of Carbon and Nitrogen which are eliminated in the 
excreta of a healthy man in a given period. Now we know from various 
experiments that about 300 grains of Nitrogen and 4600 grains of Car- 
bon are daily eliminated by the lungs and skin and by the kidneys and 
bowels ; the proportion of the Nitrogen to the Carbon eliminated being, 
therefore, nearly as 1 : 15. Now, if we compare the composition of bread 
and of meat, we shall see what is their relative value as aliments, by the 
proportion which the C holds to the N. According to Payen,* 
1000 grains of Bread contain, in round numbers, 300 of Carbon 
and 10 of Nitrogen; hence to obtain the 300 grains of Nitrogen 
required by the system, 30,000 grains (or more than 4 lbs.) of Bread 
must be consumed; but the 4600 grains of Carbon required are 

* “Pee Subataneee Ahmentairee,” Paris, 1854. 
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contained in 15,000 grains of Bread ; so that to obtain the requisite supply 
of Nitrogen a quantity of Bread must be consumed containing exactly 
double the quantity of Carbon required. Hence it is advantageous to 
add to a Bread diet a small quantity of Cheese or other highly nitro- 
genous food. Again, in the case of Meat, 1000 grains contain 100 of 
Carbon and 30 of Nitrogen; therefore to obtain the 4600 grains of Car- 
bon, no less than 6^ lbs. must be consumed, whilst the requisite 300 grains 
of Nitrogen are contained in 1 J lb. of Meat ; consequently three or four 
times more meat must be consumed to supply the Carbon than is neces- 
sary to furnish the Nitrogen. Here then we see again the economy of 
the mixed diet which is so generally employed by Man, whether in a 
barbarous or highly-civilized state ; and the following table will show 
how an admixture of bread and meat would require a much less con- 
sumption of both, than if either were taken separately: — 

Qrains of Carbon, Qraim of Nitrogen, 

15,440 grains of Bread contain . . . 4,630 154 

4,630 „ Meat contain . . . 463 154 

5,093 308 

Thus about 2 lbs. of bread and | lb. of meat are amply sufficient to com- 
pensate the daily losses of the system of a healthy man.* Hence we see 
the immense advantage as to economy of food which a fixed agricultural 
population possesses over those wandering tribes of himters which still 
people a large part both of the Old and New Continents. The mixed 
diet, to which the inclination of Man in temperate climates seems usually 
to lead him (when circumstances allow that inclination to develope itself 
freely), appears, moreover, to be fully conformable to the construction of 
his dental and digestive apparatus, as well as to his instinctive propensi- 
ties. And whilst on the one hand it may be freely conceded to the advo- 
cates of ‘ Vegetarianism,’ that a well-selected vegetable diet is capable of 
producing (in the greater number of individuals) the highest physical 
development of which they are capable, it may on the other hand be 
affirmed with equal certainty, that the substitution of a moderate propor- 
tion of animal flesh is in no way injurious, whilst, so far as our evidence 
at present extends, this seems rather to favour the highest mental develop- 
ment. If, indeed, we take a comprehensive survey of the conditions of 
the various races of Man at present inhabiting the earth, we cannot help 
being struck with his adaptiveness to a great variety of circumstances, as 
regards climate, mode of life, diet, &c. And we can scarcely avoid the 
conclusion, that the Creator, by conferring upon him such an adaptive- 
ness, intended to qualify him for subsisting on those articles of diet, 
whether animal or vegetable, which are most readily attainable in different 
parts of the globe ; and thus to remove the obstacle which a necessary 
restriction to any one kind of food would have otherwise opposed to 
his universal diffusion- 

46. When the results of Experience, then, are combined with the 
teachings of Science, they seem to justify the following conclusions. 

I. That a due adjustment of the Albuminous, Oleaginous, and Saccha- 
rine constituents of the food, to the varying conditions under which Mnw 

* See B6clard, Traits Elementaire de Physiologie,” p, 570 et seg,, 1862. 
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exists, is of the first importance ; whilst the question of the derivation 
of the first two of these constituents from the Animal or from the Vege- 
table kingdom, is one of secondary character; each being capable of 
yielding^ .1i|iem in adequate amount, and the only condition requisite 
being, thfi^lhe articles of food shall be so selected as to supply the need- 
ful' quantity. At the same time it will obviously be requisite that 
differences should be made in the diet, in accordance with climatic and 
seasonal variations. For when the external temperature is low, an 
am^^ ^«upply of oleaginous matter is indicated, and may be advanta- 
geously taken in the form of butter, cocoa, fat meat, or maize-bread. 
On the other hand, during the heat of summer, the more nearly the diet 
is assimilated to that of the natives of tropical climates, in the substitution 
of fruits and farinacea for oleaginous articles, the less will be the habihty 
to disordered health in the autumn.* 

II. Experience teaches, however, that it is not a matter of entire indif- 
ference, whether the Albuminous constituent be drawn from the Animal 
or from the Vegetable kingdom ; for the use of a highly -animalized diet 
has a tendency to mise^ and that of a vegetable diet to lower ^ the propor- 
tion of red corpuscles in the Blood; whilst, by a due adjustment of the 
proportion of the two classes of components, the evil effects of the ex- 
clusive use of either may be prevented. 

III. So, again, Experience teaches what could scarcely have been anti- 
cipated theoretically; — namely, that, notwithstanding the power which 
the living body possesses, of converting saccharine compounds into olea- 
ginous, the ingestion of a certain amount of Oleaginous matter as such 
is necessary, or at least is favourable, to the maintenance of health. We 
see this provided in large quantity, in the first aliment prepared by 
nature for the offspring of the Mammalia; it exists largely in the yolk 
of the egg of all Oviparous animals. And the laborious investigations 
of Messrs. Lawes & Gilbert f have shown that the amomit of fat con- 
tained in ordinary butcher’s meat of good quahty, to which such a high 
per-centage of nitrogen is usually attributed, is exceedingly great, varying 
from one-third to one-half of its weight. In the ordinary diet of every 
nation on the globe, — whether this be animal, vegetable, or mixed, — we 
find one or more articles ol’ an oleaginous nature ; and there is a natural 
craving for such substances when they are completely withheld, which 
indicates that they serve some important purpose in the economy. 
Although this craving is so far affected by climate, that it leads to the 
largest consumption of oily matter where the extreme of cold has to be 
endured, it exists with no less intensity even in tropical regions ; and we 

* There can be no doubt that a large proportion of the diseases of the digestive ap- 
paratus, which are so filial among European residents in India and other tropical 
climates, result from the habitual ingestion of a much larger quantity of food, and this 
especially of a rich and stimulating character, than the system requires. The loss of 
appetite consequent upon the diminution of the demand for combustive material, is set 
down to the deleterious influence of the climate ; and an attempt is made to neutralize 
this by artificial provocatives.— So, it seems probable that many of the ‘bilious attacks/ 
which, in this country, are so frequent in early autumn, and which are commonly set 
down to the account of fruit (although the subjects of them have often abstained entirely 
from that article), are really the result of the presence of an excess of hydro-carbona- 
ceous matter in the system, consequent upon over-feeding during the summer, and must 
be looked-upon as the natural means by which it is got rid of. 

f ‘‘PhiL Trans.” 1859, Pt ii. p. 495. 
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Und the Hindoo adding his modicum of * ghee ’ (or rancid butter) to the 
rice which constitutes his staple article of diet, with the same relish that 
the Esquimaux feels for his massive lumps of blubber. — It does not seem 
difficult to understand the rationale of this fact. For whilst tJwi.u^dipose 
and Nervous tissues are the only portions of the Animal fabric,-jiuto which 
fatty matter enters in any considerable proportion, yet itrf^resence has an 
important influence on the assimilation of albuminous matters, and 
seems essential to every act of tissue formation. We shall here- 
after see that it is probably in the Lacteal system, that t^e" two sub- 
stances are brought into that mutual relation with each other, which 
these purposes require ; and thus it is obvious that, unless a conversion 


of saccharine into oleaginous matter can take place in the alimentary 
canal (of which there is no adequate evidence), no true chyle can be 
formed, except when oleaginous matters have formed part of the food. 
There is strong and increasing reason to believe, that a deficiency of 
oleaginous matter, in a state fit for appropriation by the nutritive 
processes, is a fertile source of diseased action, especially of that of a 
tuberculous character ; and that the habitual use of it in a larger pro- 
portion would operate favourably in the prevention of such maladies, as 
the employment of cod-liver-oil unquestionably does in their cure. A most 
remarkable example of this is presented by the population of Iceland ; 
which, notwitlistanding the concurrence of every one of the circumstances 
usually considered favourable to the scrofulous diathesis, enjoys a most 
remarkable immunity from it, — without any other assignable cause than 
the peculiarly oleaginous character of the diet usually employed. 

IV. Another of the results of Experience, of which Science has not yet 
given a definite rationale^ is the necessity of employing fresh vegetables as 
an article of Diet ; the almost invariable consequence of the entire omis- 
sion of them, being the development of that peculiar constitutional dis- 
order which is known as ScurvijJ^ That the deficiency of something which 
fresh vegetables can alone supply, is the essential cause of this disease 
(its operation being promoted, however, by other conditions, such as 
absolute deficiency of food, confinement, bad ventilation, depression of 
spirits, &c.), may now be regarded as a weU-established fact ; and it is 
one which ought to have an important influence on our dietetic arrange- 
ments. For if the total withdrawal of these articles be productive of such 
a fearfiil depravation of the blood as perverts every function to which 
the blood is subservient, a diminution of them below the standard requi- 
site for the maintenance of health must necessarily involve a depravation 
similar in kind though less aggravated in degree ; and this, if slight, may 
be expected to manliest itself, not so much in the production of idiopathic 
disorders, as in favouring any peculiar tendency to disease which may 
exist in the system, and in preventing or retarding recovery.'f The em- 
ployment of fresh fruits and of green vegetables seems especially indicated, 

* iato this subject, see the “Brit, and For. Med.-Chir. Bev. » 

voi. 11. u. 4 wy. ^ 


Y®® My recognized by the past generation of Phya- 
when potatoes were a luxaiy and green v^e- 
tobles in the winter ^most unknown, when the middle classes fed upon ^ted mlit 
during a great part of the year, and when sagaoions old women prescribed nettle-tea 
ani^curvy-grass, with a course of lenitive ‘spring-physio,’ for the ‘cleansing of the 
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where a general chronic disorder of nutrition indicates a perverted con- 
dition of the circulating material ; and especially where there is a 
disposition to chronic inflammation, induration, and ulceration, in dif- 
ferent parts of the body. 

V. Finally, then, a well-arranged dietetic scheme ought to consist of 
such a combination of the Albuminous, Oleaginous, and Farinaceous con- 
stituents, as is most appropriate to the requirements of the system ; — a 
•larger measure of the albuminous being supplied, when an unusual amount 
of nervo-muscular exertion is put-forth, and this supply being then most 
advantageously derived from animal flesh; — a larger measure of the 
oleaginous being required for the sustentation of the heat in a frigid 
atmosphere, and this being supplied equally well by the Vegetable king- 
dom as by the Animal ; — and a larger proportion of the jarinaceous^ as a 
substitute for the oleaginous, being most favourable to health under a 
high atmospheric temperature. An habitual excess in the use of either 
of these constituents, above what the demands of the system require, 
tends towards the production of a particular ‘ diathesis * or constitutional 
state, which may manifest itself in a great variety of modes. Thus, an 
excess of the albuminous components, such as is only likely to occur 
when too large a proportion of animal food is employed, undoubtedly 
favours the arthritic diathesis, which seems to consist in the presence of 
imperfectly-assimilated histogenetic substances and wrongly-metamor- 
phosed products of disintegration, that are not duly eliminated through the 
kidneys ; and this diathesis not only displays itself in gout and gravel, 
but modifies the course of other diseases. So, again, an excess of the 
oleaginous constituents of the food tends to the production of the bilious 
diathesis, in which, through the insufficient elimination of hydrocarbona- 
ceous matters, the blood becomes charged with the elements of bile. The 
excess of farinaceous matters, moreover, especially when combined with a 
deficiency of the albuminous (as it too frequently is among those who are 
obliged by necessity to live chiefly upon a ‘ poor ’ vegetable diet), tends 
to the production of the rheumatic diathesis ; which seems to consist, like 
the arthritic, in the mal-assimilation and wrong metamorphosis of the com- 
ponents of the tissues, but to be especially favoured by the presence either 
of lactic acid, or of some other product of the metamorphosis of the 
saccharine compoimds. And, as already pointed out, the deficiency 
of oleaginous matters seems to tend to the development of the scrofulous 
diathesis ; and that of fruits and fresh vegetables to the production of the 
scorbutic,* 

47. The absolute quantity of Food required for the maintenance of the 

* It is worthy of remark that in the times when even the wealthy lived during four or 
five months of the year almost exclusively upon meat, bread, and flour-puddings, and 
when, therefore, the diet was far too highly-azotized, as well as deficient in fresh vege- 
tables, Arthritic, Calculous, and Scorbutic disorders were much more common than at 
present. The introduction and universal employment of the potato has unqiteBtionably 
done much to correct these two tendencies ; on the one hand, by diluting the azotized 
constituents of the food, so that, with the same bulk, a much smaller proportion of these 
is now introduced ; and on the other, by supplying to the blood some element which is 
essential to the maintenance of its healthy condition. But with the diminution of the 
Arthritic diathesis, which the experience of our older practitioners, and the medical 
writings of the last century, indicate as having taken place during that period, there 
has be^ an increase in the Meumatic ; — a change which seems to have a close relation 
to this alteration in diet. And it seems not improbable, too, that this alteration has 
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Human body in health, varies so much with the age, sex, constitution, 
and habits of the individual, and with the circumstances in which he may 
be placed, that it would be absurd to attempt to fix any standard which 
should apply to every particular case. The appetite is the only sure 
guide for the supply of the wants of each ; but its indications must not 
be misinterpreted. To eat when we are htngry, is an evidently natural 
disposition ; but to eat as long as we are hungry, may not always be pru- 
dent. Since the feeling of hunger does not depend so much upon the 
state of fulness or emptiness of the stomach, as upon the condition of the 
general system, it appears evident that the ingestion of food cannot at 
once produce the ^fiect of dissipating it, though it will do so afi^ a short 
time ; so that, if we eat with undue rapidity, we may continue swallowing 
food long after we have taken as much as will really be required for the 
wants of the system ; and every superfluous particle is not merely useless, 
but injurious. Hence, besides its other important ends, the process of 
thorough mastication is important, as prolonging the meal, and thus 
giving time to the system to be made acquainted (as it were) that the 
supply of its wants is in progress ; so that its demand may be abated in 
due time to prevent the ingestion of more than is required. It is very 
justly remarked by Dr. Beaumont, that the cessation of this demand, 
rather than the positive sense of satiety, is the proper guide. “ There 
appears to be a sense of perfect intelligence conveyed to the encephalic 
centre, which, in health, invariably dictates what quantity of aliment 
(responding to the sense of hunger and its due satisfaction) is naturally 
required for the purposes of life ; and which, if noticed and properly 
attended to, would prove the most salutary monitor of health, and efiectui 
preventive of disease. It is not the sense of satiety, for this is beyond 
the point of healthful indulgence, and is Nature’s earliest indication of an 
abuse and overburden of her powers to replenish the system. It occurs 
immediately previous to this ; and may be known by the pleasurable sen- 
sations of perfect satisfaction, ease, and quiescence of body and mind. It 
is when the stomach says, enough ; and it is distinguished from satiety by 
the difference of sensations, — the latter saying too much,'*^ Every medical 
man is well aware how generally this rule is transgressed ; some persons 
making a regular practice of eating to repletion ; and others paying far 
too little attention to the preliminary operations, and thus ingesting 
more than is good for them, even though they may actually leave-off 
with an appetite. 

48. Although no imiversal law can be laid down for individuals, it is 
a matter of much practical importance to be able to form a correct 
average estimate. But even this is given somewhat differently by different 
observers. Dr. Dalton, for instance,* states that the entire quantity of 

also much to do with that diminished power of snstaining active depletory treatment^ 
which, according to the observations of practitioners of long experience, characterizes 
the present generation as compared with the preceding. But whilst there is a diminished 
capability of bearing large blood-lettings, violent purgation, &c., there is at the same 
time such an increased tendency to a favourable termination in many of those diseases 
for which they were formerly accounted necessary, as should remove all regret at tbi t 
change of constitution. — On the question of * Vegetarianism,’ the Author may refer to 
his articles on that subject iji the “Brit and For. Med.-Ohir. Eev.,” voh vi. pp. 76 


“Physiology,” 1861, p. 97. 
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food required every 24 hoiirs by a man in full health and taking free 
exercise is, of meat 16 oz. av., bread 19 oz., fat oz., and of water 
62 fl. oz., that is, about 2i lbs. of solid food, and rather more than 3 pints 
of fluid. Vierordt* considers the adult to be well nourished if, with 
moderate exercise, he receive daily about 4 oz. of dry albumen, 3 oz. of 
:fet, 11^ oz. of some starchy substance, and about 1 oz. of salt, which gives 
a proportion of one part of nitrogenous to three and a half parts of non- 
nitrogenous food. £f to this about 6 pints of water, and the oxygen taken 
up in the act of respiration, which he estimates at 1 J lb., be added, we 
shall obtain a total of about 1-2 0th of the weight of the body consumed 
in 24 hours. It is from the experience afforded by the^usual consumption 
of food by large bodies of men that our data are obtained ; and these 
data are sufficient to enable us to predict with tolerable accuracy what 
wiU be required by similar aggregations, though they can afford no 
guide to the consumption of individuals. We shall first consider the 
quantity sufficient for men in regular active exercise ; and then inquire 
how far that may be safely reduced, for those who lead a more sedentary 
life. — The Diet-scale of the British Navy may be advantageously taken 
as a specimen of what is required for the first class. It is well known 
that an extraordinary improvement has taken place in the health of 
seamen during the last 80 years ; so that three ships can now be kept 
afloat, with only the same number of men as were formerly required 
for two. This is due to the improvement of the quality of the food, in 
combination with other prophylactic means. At present, it may safely 
be affirmed that it would not be easy to construct a diet-scale more 
adapted to answer the required purpose. The health of crews that have 
been long afloat, and have been exposed to every variety of external con- 
ditions, appears to be preserved (at least when they are under the direc- 
tion of judicious officers) to the full as well as that of persons subject to 
similar vicissitudes on shore ; and there can be no complaint of insuffi- 
ciency of food, although the allowance cannot be regarded as superfluous. 
It consists of from 31 to 35^ oz. of dr^ nutritious matter daily ; of this, 
St 6 oz. are vegetable, and the rest animal. From the very careful 
inquiries of Dr. Ed. Smith upon the weekly dietaries of low- fed 
populations,” it appears that amongst the labouring classes of England 
health can be maintained when each adult consumes rather more than 
5000 (5279) grains of Carbon and 216 grains of Nitrogen daily; whilst 
the health either altogether fails or becomes very indifferent when the 
quantity ffiUs to 4542 grains of Carbon and 187 grains of Nitrogen per 
ffiem ; the proportion of the C to the N in both cases being about as 24^ : 1. 
However necessary such a supply of nourishment may be to develope the 
resources of the Human frame to the utmost, it is more than questionable 
whether this amount of food is obtained by the average population 
of this or any other country. M. B^clard, indeed, f estimates that 
in France the proportion of meat or flesh, including game, fish, 
eggs, milk, cheese, &c., consumed per head does not exceed 2 oz. per 
diem, whilst he calculates that in England the consumption is nearly 
3 oz. per head per diem. — A considerable reduction in this amount is of 
course admissible, where little bodily exertion is required, and where 
there il less exposure to low temperatures. In the case of Prisoners, the 

* ^^Grundrias d. Phys.” 1860, p. 192. t “Phys.” p. 592, 1862, 
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diet should of course he as spare as possible, consistently with health ; 
but it should be carefully modified, in individual cases, according to 
several collateral circumstances, such as depression of mind, compulsory 
laboxu*, previous intemperate habits, and especially the length of confine- 
ment. It has been supposed by some, that prisoners require a fuller diet 
than persons at large ; this is probably erroneous ; but more variety 
is certainly desirable, to counteract, as far as possible, the depressing 
influence of their condition upon the digestive powers. The evil effect 
of an undue reduction in the supply pf food, and of insufficient attention 
to its quality, has unfortunately been too frequently displayed in our 
prisons ; a notable example of which will be hereafter alluded to (§ 61). 
A very excellent scale of dietaries adapted to the different conditions of 
Prison-life, has been issued by the Government on the recommendation 
of the Inspector of prisons. — The effects of confinement have been well 
shown in the experience of the Edinburgh House of Refuge, which was 
first established in 1832, for the reception of beggars during the Cholera, 
and which has been continued to the present time. The diet was at first 
a quart of oatmeal porridge for each person, morning and evening ; and 
at dinner 1 oz. of meat, in broth, with 7 oz. of bread, making altogether 
about 23 oz. of solid food per day. During some months, this diet seemed 
to answer very well ; the people went out fatter than they came in, owing 
to the diet being better than that to which they had been accustomed ; 
but afterwards a proneness to disease manifested itself in those who had 
been residents there for a considerable time, and the diet was therefore 
somewhat increased with good effect. The quantity of animal food was 
probably here too small ; and the total weight might still have been suffi- 
cient, if it had been differently apportioned. 

49. The smallest quantity of food upon which life is known to have 
been supported with vigour, during a prolonged period, is that on which 
Cornaro states himself to have subsisted ; this was no more than 12 oz. a 
day, chiefly of vegetable matter, with 14 oz. of light wine, for a period 
of 58 years. There is another well-known case (that of Thomas Wood, 
the miller of Billericay, reported to the College of Physicians in 1767 by 
Sir George Baker), in which a remarkable degree of vigour was sustainej 
for upwards of eighteen years, upon no other nutriment than 16 oz. of 
flour (containing about 14 oz. of dry solids) made into a pudding with 
water, no other liquid of any kind being taken. There are probably few, 
however, — at least among those whose avocations require much mental or 
bodily exertion, — who could long persevere in such a diet. Still it is 
certain that life with a moderate amount of vigour may be preserved for 
some time, on a very limited allowance of food ; this appears from the 
records of shipwreck and similar disasters. In regard, however, to those 
who have been stated to fast for a period of months or even years, taking 
no nutriment, but maintaining an active condition, it may be safely 
asserted that they were impostors, probably possessing unusual powers 
of abstinence, which they took means to magnify. 

50. Of the quantity which can be devoured at one time, this is scarcely 
the place to speak ; since such feats of gluttony only demonstrate the 
extraordinary capacity which the stomach may be made to attain by 
continual practice. Many amusing instances are related by Captain 
Parry in his ‘‘Arctic Voyages in one case a young Esquimaux, to whom 
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he had given (for the sake of curic^ity) his hill tether, devoured in fonr- 
and«twenty hours no less than 35 lbs. of various kinds of aliment, includ- 
ing tallow candles. A case has more recently been published of a Hindoo, 
who can eat a whole sheep at a time ; this probably surpasses any other 
instance on record. The half-breed voyagmrs of Canada, according to 
Sir John Franklin, and the wandering Cossacks of Siberia, as testified by 
Capt. Cochrane, habitually devour a quantity of animal food which would 
be soon fatal to any one unused to it. The former are spoken of as very 
discontented, when put on a short allowance of 8 lbs. of meat a day ; their 
usual consumption being firom 12 to 20 lbs. — That a much larger quantity 
of food than that formerly specified, may be habitually taken with perfect 
freedom from injurious consequences, under a particular system of exer- 
cise, &c., appears from the experience of those who are trained for feats 
of strength, pugilistic encounters, &c. The ordinary belief that the 
Athletic constitution cannot be long maintained, appears to have no real 
foundation ; nor does it appear that any ultimate injury results from the 
system being persevered-in for some time. That ‘ trained’ men often fall 
into bad health on the cessation of the plan, is probably owing in part 
to the intemperance and other bad habits of persons of the class usually 
subjected to this discipline. The effects of trainers’ regimen are hardness 
and firmness of the muscles, clearness of the skin, capability of bearing 
continued severe exercise, and a feeling of freedom and lightness (or 
* corkiness’) in the limbs. During the continuance of the system, it is 
found that the body recovers with wonderful facility from the effects of 
injuries ; woimds heal very rapidly ; cutaneous eruptions usually disap- 
pear. Clearness and vigour of mind, also, are stated to be results of this 
plan.* 

51. It is not enough for the healthy support of the body, that the Food 
ingested should contain an adequate proportion of alimentary constituents; 
it is important that these should be in a wholesome or undecomposing 
state. It is a fact very femiliar to German Toxicologists, that cheese, bacon, 
sausages, and other articles, may spontaneously undergo such deleterious 
alterations, as give rise, when they are employed as food, to aU the 
symptoms of irritant poisoning, which may even pass-on to produce fatal 
consequences ; that such occurrences are very rare in this country, is 
probably to be attributed to a difference in the mode of preparation. 
This change does not appear to consist in simple putrescence ; for the 
effects which the cheese-poison, sausage-poison, &c., produce on the animal 
economy, are far more potent than mere putrescence could occasion ; and 
it is supposed by Liebig to consist in the generation of a peculiar ferment, 

* The method of training employed by Jackson (a celebrated trainer of prize-fighters in 
modem times), as deduced from his answers to questions put to him by John Bell, was to 
begin on a clear foundation by an emetic and two or three purges. Beef and mutton, 
the lean of fat meat being preferred, constituted the principal food ; veal, lamb, and 
pork were said to be less digestible (“the last purges some men”). Fish was said to 

a “ watery kind of diet and is employed by jockeys who wish to reduce weight by 
sweating. Stale bread was the only vegetable food allowed. The quantity of fluid 
permitted was 8 4 pi*its per diem ; but fermented liquors were strictly forbidden. Two 
full meals, with a light supper, were usually taken. The quantity of exercise employed 
was very consideruble, and such as few men of ordinary strength could endure. — This 
account corresponds very much with that which Hunter gave of the North American 
Indians, wh^ about to set-forth on a long march. 
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which the stomach is not able to decompose. Similar changes in ordinary 
flesh-meat seem to be sometimes consequent upon the previous existence 
of a diseased condition in the animal which furnished it. Thus from 
Mr. Gamgee’s inquiries it appears* that the sale of meat derived from 
animals which have suffered from the now prevalent diseases, pleuro-pneu- 
monia and typhoid fever, is lamentably common even in the London 
markets; and it has been well stated'l' that “ although it may be difficult 
to prove it by actual cases, there can be no doubt that unwholesome meat 
is one cause amongst many of the debility and cachexies, the poverty of 
blood and intractable maladies of the poor who flock to the dispensaries and 
parochial medical officers, and especially of diarrhoea during hot weather.” 
Many instances of this kind have been recorded ; J and the risk is quite suf- 
ficient to justify a strict prohibition of the use of any such article. — That 
meat which is simply putrescent is to be* considered as injurious se, when 
habitually employed, is scarcely a matter of reasonable doubt. It is true 
that some nations are in the habit of keeping their meat until it is tainted, 
having a preference for it in that condition, which seems to have grown 
out of the supposed necessity for thus employing it ; a preference which 
has its parallel among the epicures in our own coimtry, who consider the 
haut gout essential to the perfection of their venison or woodcock. One 
of the most remarkable examples of this kind among a civilized people, is 
furnished by the inhabitants of the Faroe islands ; who, according to the 
Report of Dr. Panum, who has investigated their Sanitary condition, live 
during a large part of the year upon meat in a state of incipient decom- 
position, and introduce rast^ or half-decayed maggotty flesh, fowl, or fish, 
as a special relish at the end of a meal.§ The result of such a diet is (as 
might be anticipated) a continual disorder of the digestive organs, mani- 
festing itself especially by diarrhoea, which also complicates the course of 
other diseases, and even becomes, from its obstinacy and exhausting cha- 
racter, their most serious occurrence. Moreover, the Faroese are peculiarly 
liable to suffer severely from epidemics, when these are introduced among 
them. Hence, notwithstanding that the usual rate of mortality is very 
low (only 1 in 64| annually), it is obvious that there is a certain consti- 
tutional condition among them, which peculiarly favours the reception 
and propagation of zymotic poisons; and it is quite conformable to 
the principles elsewhere laid down, to attribute this to the habitual 
introduction of putrescent matter with the food. It is probable, indeed, 

♦ ' Cattle Plague and Diseased Meat.’ Letter to Sir George Grey, 1857, quoted in 
**Med.-Chir. Bev.,” 1868. 

t In a Report of the Committee of the Metropolitan Associat. of Medical Officers of 
Health. 

t See ** Ann. d’Hygidne,” 1829, ii. p. 267 ; 1834, ii. 69 ; also Taylor in ** Ghiy’s 
Hospital Reports,” April, 1843. 

§ See Dr. Panum’s ‘ Observations on an Epidemic of Measles in the Faroe Islands,* 
in the “ Bibliothek for Lsegr.,”^ 1846 ; of which an analysis is given in the “ Brit, and 
For. Med.-Chir. Rev.,” vol. vii. p. 419. — Dr. Panum says, “During the interval of 
many months that the flesh, flsh, or fowl, is neither fresh, nor yet wind-dried, it is 
called * rast,’ a word which I can only translate by half-rotten. This appellation it fully 
deserves from the horrible smell that it sends forth, from its mouldy aspect, and the 
numerous maggots that swarm upon it. I have seen a boat’s crew of eight men eating 
with great relish the raw flesh of the ca’aing whale, even though it was so decomposed 
that the smell of it was disagreeable to me even in an open boat, and the bottom of the 
boat was almost white with the maggots that fell from the decaying mass.” 
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that if it were not for the active lives of the Faroese, and fWSIttial 
exposure to a low external temperature, the direct effeotg^ of their diet- 
would be far more prejudicial than they are ; but a large part ctf these 
are probably neutralized by that activity of respiration wSiich the hSlbits 
of life of this hardy people induce, much of the noxious matter being 
decomposed and eliminated by the combustive process. Hence ^t 
may well be conceived, that the effects of putrescent food would be 
much more decidedly manifested amongst individuals dwelling in 
close, ill- ventilated apartments ; and although the same means of com- 
parison do not exist, since there is no part of our town-population habi- 
tually subsisting on such a diet as that of the Faroese, yet there is no 
want of evidence with regard to the injurious effects of even the occasional 
employment of putrescent food, especially when any zymotic disease is 
epidemic.* * * § 

52. That it is Water which constitutes the natural drink of Man, and 
that no other liquid can supply its place, is apparent from the most 
cursory glance at its uses in the system ; and it is only necessary here to 
remark, that the purity of the water habitually ingested is a point of 
extreme importance. A very minute impregnation with lead, for ex- 
ample, is quite sufficient to develope all the symptoms of chronic lead- 
poisoning, if the use of such water be sufficiently prolonged. In the case 
of the ex-royal family of France, many of whom suffered in this manner 
at Claremont, f the amount of lead was only about one grain per gallon ; 
and in a case subsequently published, in which also the symptoms of 
lead-poisoning were unequivocally developed, the amount was no more 
than l-9th of a grain. J So, again, an excess of the saline ingredients 
which appear to be innocuous in small quantities, may produce a marked 
disorder of the digestive organs, and (through them) of the system 
generally. § Moreover, as in the case of food, the presence of a very 
small amount of putrescent matter is quite sufficient to produce the 
most pernicious results, when that matter is habitually introduced into 
the system ; and these results, on the one hand, manifest themselves in 
the production of certain disorders which appear distinctly traceable to 
the direct action of the poison so introduced ; whilst, on the other, they 
become apparent in the extraordinary augmentation of the liability to 
attacks of such zymotic diseases as may at the time be prevalent.! The 

* Facts of this kind have been abundantly furnished during the visitations of Cholera. 
See the “ Report of the General Board of Health on the Epidemic Cholera of 1848 and 
1849,” pp, 63, 64. — An instance of a very remarkable kind occurred at Bridgewater, 
towards the close of that epidemic, as related to the Author by Dr. Brittan. A cargo 
of spoiled oysters having been brought to the town, and the sale of them having been 
prohibited on account of their putrescent condition, they were given away to any 
who would receive them ; and several children in a neighbouring school partook of them 
plentifully. In the course of the following night, all who had eaten of the oysters (so far 
as Dr. Brittan could ascertain) were attacked with cholera and choleraic diarrhoea, and 
eleven of the children died the neirt day. 

+ See the account of this case, which presents many features of great interest, in the 
“Dublin Quarterly Journal of Medical Science,” vol. vii. p. 416. 

t See Herapath in “Medical Gazette,” Sept. 20, 1850, p. 518. 

§ Of this a very instructive case, which occurred at Wolverton, has been published by 
Mr. Corfe in the “Pharmaceutical Journal,” July, 1848. 

II For ample evidence to this effect, see Dr. Pereira’s “Treatise on Food and Diet,” 
pp. 89-91 ,* and the “ Report of the General Board of Health on the Epidemic Cholera 
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lanti^ of waler daily consumed is about 4 or 5 pounds ; and a slight excess, 
"mdicatire of its formation in the system, is daily eliminated. The ingestion 
of lai’ge quantities has been shown by Hosier* to cause a considerable in- 
crease in the discharge of urea and salts in the urine, which appears to 
be the result of an increased metamorphosis of the albuminous constitu- 
eAts of the blood and tissues. Besides Water, the chief fluids consumed 
in England are Beer, Tea, and Cofice. Wine is as yet restricted to the 
upper classes ; but large quantities of Spirits, especially of Gin, are taken 
by the poor. Whiskey is used by the labouring classes of Ireland and 
Scotland, and Rum is still served out to the Navy. The proportion of 
Alcohol in Beer varies from 1 to 12 per cent. In Wine from 8-15 per 
cent, in the light wines of France and Germany, to 25 per cent, in the 
Spanish wines. Besides Alcohol all Wines contain certain volatile Ethers, 
and more or less of the Acetic, Tartalic, and Tannic Acids. Sugar and 
Extractives are also commonly present. The use of Alcohol, in combination 
with water and with organic and saline compounds, in the various forms of 
‘ fermented liquors,’ deserves particular notice, on account of the numerous 
fallacies which arc in vogue respecting it. — In the Jirst place, it may be 
safely affirmed that Alcohol cannot answer any one of those important 
purposes for which the use of Water is required in the system ; and that, 
on the other hand, it tends to antagonize many of those purposes, by its 
power of precipitating most of the organic compounds, whose solution in 
water is essential to their appropriation by the living body. Secondly, 
the ingestion of Alcoholic Liquors cannot supply anything which is essen- 
tia! to the due nutrition of the system ; since we find not only indivi- 
duals, but whole nations, maintaining the highest vigour and activity, 
both of body and mind, without ever employing them as an article of 
diet. Thirdly, there is no reason to believe that Alcohol, in any of its 
forms, can become directly subservient to the Nutrition of the tissues ; 
for it may be certainly affirmed that, in common with non-azotized sub- 
stances in general, it is incapable of transformation into Albuminous 
compounds ; and there is no sufficient evidence, that even Fatty matters 
can be generated in the body at its expense.f Fouidhly, the Alimentary 
value of Alcohol, if it possess any, consists merely in its power of con- 
tributing to the production of heat, by affording a pabulum for the re- 

of 1848 and 1849,” pp. 69-63, Appendix a,” p. 14, and “ Appendix b,” pp. 91-96. 
— The following very instructive case occurred a few years ago, within the Author’s own 
knowledge. In a certain terrace, in the most aristocratic suburb of a large provincial 
town, consisting of houses of a superior class, and very favourably situated as regards 
the access of pure air, an epidemic of gastric fever broke-out, much to the astonishment 
and dismay of the residents, no such malady having ever been known to prevail in the 
neighbourhood. It was soon observed, however, that the attacks of the fever were 
limited (in the first instance at least) to those individuals who were accustomed to use 
the water of a neighbouring well ; those who were supplied from a deep spring at a 
distance being entirely free. For some little time before this outbreak, a disagreeable 
taste bad been observed in the well-water ; and this was subsequently traced to the 
bursting of a sewer, whick had discharged part of its contents into the well. This cause 
being removed, there has since been no tendency whatever to a recurrence of the 
effect. 

* '' Archiv des Vereins. gemeins. Arbeit.,” Band iii., 1867, p. 398. 

t It is quite true that some persons who consume large quantities of fermented liquors 
become very fat ; but the material for this fat is probably derived in part from the con- 
stituents of the food, and in part from the disintegration of the tissues ; the hydrocar- 
bonaoeous matters in the system being prevent^ from undergoing the corabustive 

£ 
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spiratory process : but the experiments of Duroy, Lallemand, Perrin,* 
and those of Dr. Ed. Smith, f have shown that some at least of the 
Alcohol absorbed is discharged unaltered in the secretions of the skin, 
lungs, and kidneys, whilst the result of the experience of Arctic Voyagers is 
most decided in regard to the comparatively low value of Alcohol as a 
heat-producing material.^ Fifthly,, the operation of Alcohol upon the 
living body is essentially that of a stimulus ; increasing for a time, like 
other stimuli, the vital activity of the body, and especially th^ of the 
nervo-muscular apparatus, so that a greater effect may often be produced 
in a given time under its use, than can be obtained without it; but being 
followed by a corresponding depression of power, which is the more pro- 
longed and severe, in proportion as the previous excitement has been 
greater. Still it is certain that Alcohol is not without its value under 
various corporeal conditions; and the views expressed by Dr. Ham- 
mond, § that its effects, injurious or salutary, are in great measure 
dependent upon the quantity of food consumed with it, are probably 
true. When the food is ample in quantity and varied in quality, 
and the digestion good, Alcohol is unnecessary, exciting the circulation, 
and tending to produce a plethoric condition oi‘ the system ; || but when 
the diet is insufficient, or the digestion feeble, the effects of Acohol, when 
taken in moderate quantities, seem decidedly beneficial, the body not only 
ceasing to lose, but actually gaining in weight : the Alcohol either taking 
the place of the food, or retarding the metamorphosis of the tissues. — 
The Physiological objections to the habitual use of Alcoholic liquors, 
rest upon the following grounds. First, they are universally admitted 
to possess a poisonous character, when administered in large doses; 
death being the speedy result, through the suspension of nervous power, 
which their introduction into the circulation in sufficient quantity is cer- 
tain to induce. Secondly, when habitually used in excessive quantities, 
universal experience shows that Alcoholic liquors tend to produce a mor- 
bid condition of the body at large, and especially of the nervous system ; 
this condition being such as a knowledge of its modus operandi on the 
body WDuld lead the Physiologist to predicate. Thirdly, the frequent 
occurrence of more chronic diseases of the same character, among persons 
advanced in life, who have habitually made use of Alcoholic liquors in 
‘ moderate’ amount, affords a strong probability that they result from a 
gradual perversion of the nutritive processes, of which that habit is the 

process to which they would otherwise be subject. Much of the fatty deposit in 
intemperate persons has the character of ‘ fatty degeneration the tendency to which 
is very marked in persons of this class. 

♦ ** Du r61e de I’Alcool et des Anesth^tiques dans TOrganisme," 1860. 

t “Cyclical Changes. 

t Dr. Marcet, who has given an excellent account of the long-continued action of 
stimulants upon the health in his ** Chronic Alcoholic Intoxication,’* 1862, is of opinion 
that very little of the Alcohol taken by habitual drinkers is really absorbed into the 
blood ; ffie greater part, after undergoing certain chemical changes, being eliminated 
through the intestines with the other excreta. 

§ “Amer. Journ. of Med. Sciences,” Oct. 1856, 

li According to Dr. Ed. Smith (“Transact, of Roy. Med, Society of London,” vol. i., 
pt. I., p. 1, 1861), Alcohol interferes with Alimentation, diminishes the excretion of 
Urea and lie action of the Skin, and increases the general activity of the Vascular 
System. Rum increases, but Brandy and Gin lessen the excretion of Carbonic Acid 
by the lungs. 
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cause. This perversion manifests itself peculiarly in the tendency to 
‘ fatty degeneration’ of the muscular substance of the heart, of the walls of 
the arteries, of the glandular substance of the kidney and liver, and of 
many other parts; and thus gives rise to a great variety of forms of 
disease. Fourthly^ the special liability of the intemperate to zymotic 
diseases, seems an indication that the habitual ingestion of Alcoholic 
liquors tends to prevent the due elimination of the azotized products of 
the disintegration of the system, and thus to induce a ‘ fermentible’ 
condition of the blood. Fifthly^ extended experience has shown, 
that notwithstanding the temporary augmentation of power which may 
result from the occasional use of fermented liquors, the capacity for pro- 
longed endurance of mental or bodily labour, and for resisting the 
extremes of heat and cold, as well as other depressing agencies, is dimi- 
nished rather than increased by their habitual employment. On these 
grounds, the Author has felt himself fully justified in the conclusion, 
that, for Physiological reasons alone, habitual abstinence from Alcoholic 
liquors is the best rule that can be laid down for the great majority of 
healthy individuals ; the exceptional cases in which any real benefit can 
be derived from their use, being comparatively few.* 

53. The very extensive employment of Tobacco by men of almost every 
rank in society in this country, and the large consumption of Tea and Coffee 
by both sexes throughout the community render the study of their effects 
upon the animal economy particularly interesting, though up to the present 
time exceedingly few observations have been made. The effects of Tobacco 
are chiefly due to the absorption of the extremely poisonous liquid Al- 
kaloid Nicotia, which exists in the plant in combination with Citric and 
Malic Acids, and from its remarkable volatility, is contained in and inhaled 
with the smoke of the smouldering leaves. Its chemical composition is 
represented by the formula C^,,IIyN. Dr. Hammond’s conclusions 
(Op. cit.) from his experiments upon the use of Tobacco are, that whilst it 
only slightly affects the excretion of carbonic acid from the lungs, it 
diminishes the quantity of fasces, urine, aqueous vapour, and of chlorine, 
but it increases the amount of uric, phosphoric, and sulphuric acids 
eliminated by the kidneys, — circumstances which seem to indicate that 
there is an increase in tlie interstitial changes taking place in the brain and 
nervous tissue, of which there are other indubitable signs, as wakefulness, 
trembling, and nervous excitement. The quantity employed in the ex- 
periment was two cigars thrice a day. — These results accord with general 
experience ; and there are few who will not coincide with the moderate 
tone of Sir B. Brodie’s well-known letter to the “ Times” on this subject, 
dated Aug. 27, 1860, in which he observes that when used in moderate 
quantity, and under circumstances of privation. Tobacco may be not only 
harmless but absolutely beneficial, by soothing and tranquillizing the 
nervous system, allaying hunger and the uneasy feelings produced by 
mental and bodily exhaustion ; but that in too many instances it is only a 
bad habit, producing a greater or less degree of derangement of the 
nervous system, and indisposing to both mental and bodily exertion. Tea 
and Coffee, though derived from different classes of the Vegetable kingdom, 

* See his “Physiology of Temperance and Total Abstinence also the important 
Treatise on “ Alcoholismus Chronicus” by Dr. Huss of Stockholm, of which an abstract 
is given in the “ Brit, and For. Med.-Chir. Rev.,” vols. vii. and ix. 
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appear to contain nearly the same organic constituents, but in different 
proportions, as shown in the following analysis : — 


Water 

Theine 

Caseine 

Gum 

Sugar 

Taunio Acid , . . 
Aromatic Oil . . 
Fibre 

i Chlorophyll 
Wax . . 

Kesin . . 

Mineral Substances • 


too Parts of Tea 
contain 

... 5 . : . . 

. . . 3 . . . . 

. . . 15 . . . . 

. . . 18 . . . . 

... 3 ... 

. . . 26-26 . . . . 

. . . 0-75 .... 

... 20 .... 

’ * * * § } 4 Olein 

' * f Palmitin 

.. . 5 . . . . 


100 Parts of Coffee 
contain 

. . 12 
. . 1-76 
. . 13 

. . 9 

. . 6-6 
. . 4 

. . 0.002 
. . 36-048 


6-7 


In making Tea ” and “ Coffee,” the Theine, Gum, Sugar, and Tannic 
Acids are chiefly extracted, the Casein, unless a little soda be added to 
the water, being undissolved. It is a singular circumstance that the 
Alkaloid contained in Tea and Coffee, as well as that in Mate, the shrub 
used for tea in Paraguay, should have the same chemical composition 
(CjgHj^N^O^ + 2 Aq.). Strong decoctions of both fluids counteract the 
tendency to sleep, but Voit found in an extended series of experiments 
upon a dog, that Coffee possessed little or no influence upon the general 
nutrition of the body in that animal.* J. Lehmann,| however, arrived 
at the conclusion that Coffee, and Bocker J that Tea, exercised an im- 
portant influence in retarding the waste of the tissues in Man; and 
Dr. Ed. Smith § considers that whilst the employment of Coffee dimi- 
nishes the action of the skin, it increases that of the bowels. 


2. Of Hunger and Thirst ; — Starvation, 

64. The want of solid Aliment, arising from the demands of the 
system for the materials requisite for the growth and maintenance of the 
body, and for the combustive process, is indicated by the sensation of 
Hunger ; and that of liquid, by Thirst. The former of these sensations 
is referred to the stomach, and the latter to the fauces ; but although 
certain conditions of these parts may be the immediate cause of the 
sensations in question, they are really indicative of the requirements of 
the system at large. For the intensity of the feeling bears no constant 
relation to the amount of solid or liquid aliment in the stomach ; whilst, 
on the other hand, it does correspond with the excess of demand in the 
system, over the supply afforded by the blood ; and it is caused to abate 
by the introduction of the requisite material into the circulating fluid, 
even though this be not accomplished in the usual manner by the ingestion 
of food or drink into the stomach. 

55. That the sense of Hunger, however, is immediately dependent 
upon some condition of the Stomach, seems to follow from the fact, that 
it may be temporarily alleviated by introducing into the digestive cavity 

* See Henie and Meissner, ‘*Bericht,’* 1860, p. 402. 

*t “Liebig’s Annalen,” Ixxxvii. p. 206. 

X “ Arebiv d. Vereins f. geroeins.” 1853. 

§ “Dublin Med. Journ.,” 1860, p. 69. 
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matter which is not alimentary. Of the precise nature of that condition, 
we have no certain knowledge. It is easy to prove that many of the 
causes which have been assigned for the sensation, are but little, if at all, 
concerned in producing it. Thus, mere emptiness of the Stomach cannot 
occasion it ; since, if the previous meal have been ample, the food passes 
from its cavity some time before the imeasy feeling is renewed ; and this 
emptiness may continue (in certain disordered states of the system) for 
many hours or even days, without a return of desire for food. Besides, 
the stomach may be filled with food, and yet Hunger may be intensely 
felt, if, from disease of the j)ylorus or any otiier cause, there be an obstacle 
to the passage of the aliment into the intestine, and to the completion of 
the processes of chylification and absorption, so that the system needs 
that which the digestive apparatus is unable to provide for it. Again, 
the sense of Hunger cannot be due, as some have supposed, to the action 
of the gastric fluid upon the coats of the stomach themselves; since 
this fluid is not poured into the stomach, except when its production is 
stimulated by the irritation of the secreting follicles. — It may, perhaps, 
be a more probable supposition, that there is a certain condition of the 
Capillary circulation in the Stomach, which is preparatory to the secretion, 
and which is excited by the influence of the Sympathetic nerves, that 
commimicate (as it were) the wants of the general system. This condi- 
tion may be easily imagined to be the proximate cause of the sensation of 
hunger, by acting on the nervous centres.* When food is introduced 
into the stomach, the act of secretion is directly excited ; the capillary 
vessels are gradually unloaded ; and the immediate cause of the impres- 
sion on the nervous system is withdrawn.f By the conversion of the 
alimentary matter into materials fit for the nutrition of the system, the 
remote demand also is satisfied ; and thus it is, that the condition of the 
stomach just referred-to, is permanently relieved by the ingestion of sub- 
stances that can serve as food. But if the ingested matter be not of a 
kind capable of solution and assimilation, or the digestive apparatus can- 
not eflfect its preparation, the feeling of hunger is only temporarily relieved, 
and soon returns in greater force than before. — The theory here given 
seems reconcilable with all that has been said of the conditions of the sense 
of Hunger ; and particularly with what is known of the effect produced 
upon it by nervous impressions, which have a peculiar influence upon the 
capillary circulation. It also corresponds exactly with what we know of 
the influence of the nervous system, and of mental impressions, upon other 
secretions (chap. xv.). 

* It was maintained by Brachet, that the senses of Hunger and Satiety are annihilated 
by section of the Pneumogastric nerves, which, if true, would strongly confirm the view 
that the immediate source of these senses lies in the condition of the Stomach. But the 
researches of other experimenters, particularly those of Dr. John Reid Edinb. Med. and 
Surg. Journ.” April, 1839, and “Physiological, Anatomical, and Pathological Researches,” 
pp. 234-239), and of Bernard (Lecture xxi., “Med. T. and Gaz.” July, 1860), do not con- 
firm this view ; for they seem to show that after the immediate effect of the operation has 
subsided, animals take food with no less avidity than previously. It appears, however, 
from Dr. Reid’s observations, as well as from those of Valentin, that the sense of 
Satiety is more dependent upon the continuity of these nerves, than is that of Hunger ; for 
animals on which the section of the Pneumogastric has been performed, do not seem 
to know when they have had enough, but continue to gorge themselves with food long 
after the stomach has been adequately filled. 

+ These views seem to be confirmed by the observations of M. Bernard on the condi- 
tion of the gastric follicles during the intervals of their functional activity. 



54 


OF FOOD, AND THE DIGESTIVE PROCESS, 


56^ The sense of Hunger, like other sensations, may not be taken cog- 
nizance of by the Mind, if its attention be strongly directed towards 
other objects ; of this fact, almost every one engaged in active operations, 
whether mental or bodily, is occasionally conscious. The nocturnal 
student, who takes a light and early evening meal, and, after devoting 
himself to his pursuits for several hours uninterruptedly, retires to rest 
with a wearied head and an empty stomach, but without the least sensa- 
tion of hunger, is frequently prevented from sleeping by an indescribable 
feeling of restlessness and deficiency; and the introduction of a small 
quantity of food into the stomach will almost instantaneously allay this, 
and procure comfortable rest. Many persons, again, who desire to take 
active exercise before breakfast, are prevented from doing so by the lassi- 
tude and even faintness which it induces, — the bodily exercise increasing 
the demand for food, whilst it draws-off the attention from the sensation 
of hunger. 

57. The conditions of the sense of Thirst appear to be very analogous 
to those of hunger. This sense is not referred, however, to the stomach, 
but to the fauces. It is probably even more immediately connected with 
the state of the general system, than that of hunger ; for the immediate 
relief afforded by the introduction of liquid into the stomach, is fully 
accounted-for by the instantaneous absorption of the fluid into the veins, 
which is woU known to take place when there is a demand for it. This 
demand is increased with almost equal rapidity, by an excess in the 
amount of the fluid excretions ; and it may be satisfied, or at least allevi- 
ated, without the introduction of water into the stomach, this having been 
one of the results observed after the use of saline injections into the veins 
in cases of Asiatic Cholera, as well as after immersion in a warm bath in 
cases of extreme dysphagia. Thirst may also be produced, however, by 
the impression made by peculiar kinds of food or drink upon the walls of 
the alimentary canal ; thus salted or highly- spiced meat, fermented 
liquors when too little diluted, and other similarly irritating agents, 
•jexcite thirst; the purpose of which is obviously to cause ingestion of 
ifiuid by which they may be diluted. 

58. The results of an entire deficiency of Food, or of its supply in a 
measure inadequate for the wants of the system, constitute the phenomena 
of Inanition or Starvation, These have been ex])erimentally studied by 
M. Chossat* on Birds and Mammals; and the information thence gained 
leads us to a better comprehension of what is (unfortunately) too fre- 
quently exhibited in the Human subject. — The following were the general 
symptoms noted by M. Chossat. The animals usually remain calm during 
the first half or two-thirds of the period ; but they then become more 
or less agitated ; and this state continues as long as their temperature 
remains elevated. On the last day of life, however, whilst the tempera- 
ture rapidly falls, this restlessness ceases, and gives place to a state of 
stupor. The animal, when set at liberty, sometimes looks round with 
astonishment, without attempting to fly ; and sometimes closes the eyes, 
as if in a state of sleep. Gradually the extremities become cold, and the 
limbs so weak as no longer to be able to sustain the animal in a standing 
posture ; it falls over on one side, and remains in any position in which 


* “Beeherches Experimentales sur ITnauition,” Pai'is, 1843. 
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it may be placed, without attempting to move. The respiration becomes 
slower and slower ; the general weakness increases, and the insensibility 
becomes more profound ; the pupil dilates ; and life becomes extinct, 
sometimes in a calm and tranquil manner, sometimes after convulsive 
actions producing opisthotonic rigidity of the body. After the first day, 
in which the faeces contain the residue of the food previously taken, 
their amoirnt is very small ; and they seem to consist principally of 
grass-green biliary matter. Towards the close of life, they contain a 
much larger quantity of water, even when none has been ingested by the 
animal; and include much saline matter in addition to the biliary. — 
The average loss of weight in the warm-blooded animals experimented- 
on by M. Chossat, between the commencement of the period of Inanition 
and its termination by death, was 40 per cent; but he met with a 
considerable variation in the extremes, which seemed to depend chiefly 
on the amount of fat previously accumulated in the body ; those animals 
losing most weight, in which the fat had been most abundant, which 
were also those that lived the longest.* Taking 40 per cent as the 
mean, M. Chossat obtained the following curious results, as regards 
the relative diminution of the several tissues and organs of the body ; 
those which lost more than the mean, being distinguished from those 
which lost less. 


Parts which lose mo? 


’6 than 40 per cent. 


Pai’ts wliich lose Zcm than 40 per cent. 


Fat 

. . . 93*3 

Blood 

. . . 75*0 

Spleen 

. . . 71*4 

Pancreas 

. . . 64*1 

Liver 

. . . 62*0 

Heart 

. . . 44*8 

Intestines 

. . . 42*4 

Muscles of Locomotion . 

. . . 42*3 


Muscular coat of stomach . . . 89 *7 

Pharynx and oesophagus . . . . 84 *2 

Skin 83*3 

Kidneys 31 *9 

Respiratory apparatus .... 22*2 

Osseous system 1 6 ‘7 

Eyes 10*0 

Nervous system 1 *9 


The points most worthy of note in the above table, are the almost com- 
plete removal of the fat^ and the reduction of the hlood to three-fourths 
its normal amount ; whilst the nervous system imdergoes scarcely any 
loss. It would seem, in fact, as if the supervention of death was coinci- 
dent with the consumption of all the disposable combustive material; 
and that up to that point, the whole remaining energy of nutrition is 
concentrated upon the nervous system. And it will be shown hereafter 
that there is adequate ground for considering death by starvation as really 
death by cold ; since the temperature of the body is maintained with 
little diminution until the fat is thus consumed, and then rapidly falls, 
unless it be kept up by heat externally applied. — As might be expected 
from the comparative rapidity of interstitial change at the earlier periods 
of life, it was found by Chossat that the diurnal loss was much the most 
rapid in young animals, and that the duration of their lives when deprived 


* There is a well-known case of a fat pig, which was buried in its sty for 160 days, 
under thirty feet of the chalk of Dover cliff ; and which was dug out alive at the end of 
that time, reduced in weight from 160 lbs. to 40 lbs., or no less than 76 per cent. 
(“ Trans, of Linn. Soc.,” vol. xi. p. 411). The extraordinary prolongation of life in 
this case may be attributed to the retention of the heat of the body by the non-conduct- 
ing power of the chalk, and to the retention of its moistwre by the saturation of the air 
in its immediate vicinity, and restriction of its movements. 
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of food was consequently far less than that of adults. He further ascer- 
tained that the results of insufficient alimentation were in the end the 
same as those of entire deprivation of food ; the total amount of loss being 
almost exactly identical, but its rate being less, so that a longer time was 
required to produce it. He did not find that much influence was exerted 
on the duration of life, by permitting or withdrawing the supply of water ; 
but Scheffer* found in a dog wholly deprived of water the loss in weight 
of the different organs was nearly the same as in deprivation of solid food, 
except in the case of the adipose tissue, which does not materially dimi- 
nish. All the tissues become much drier ; the skin, tendons, muscles, 
intestines and blood, containing from 4-11 per cent more solid residue 
than in health. The brain, however, and glandular organs were much less 
affected. And it appears also that in Man death supervenes much earlier 
when liquid as well as solid aliment is withheld ; and the indifference 
observed by Chossat in the case of Birds is probably due to the fact, that 
they ordinarily drink very sparingly, and eliminate very little water in 
their various excretions. 

513. The most prominent symptoms of Starvation, as they have been 
noted in the Human subject, are as follows : — In the first place, severe 
pain in the epigastrium, which is relieved on pressure ; this subsides after 
a day or two, but is succeeded by a feeling of weakness and ^ sinking ’ in 
the same region ; and an insatiable thirst supervenes, which, if water be 
withheld, thenceforth becomes the most distressing symptom. The coun- 
tenance becomes pale and cadaverous ; the eyes acquire a peculiar wild 
and glistening stare ; and general emaciation soon manifests itself. The 
body then exhales a peculiar foetor, and the skin is covered with a 
brownish, dirty-looking, and ofiensive secretion. The bodily strength 
rapidly declines ; the sufferer totters in walking, his voice becomes weak, 
and he is incapable of the least exertion. The mental powers exhibit a 
similar prostration ; at first there is usually a state of stupidity, which 
gradually increases to imbecility, so that it is difficult to induce the 
sufferer to make any effort for his own benefit ; and on this a state of 
maniacal delirium frequently supervenes. Life terminates either in the 
mode described in Chossat’ s observations, or, as occasionally happens, in 
a convulsive paroxysm. | — On post-mortem examination, the condition 
of the body is found to be such as the restilts of Chossat’ s observations 
would indicate ; namely, extreme general emaciation and disapi)earance of' 
fat, diminution in the bulk of the principal viscera, and almost complete 
bloodlessness, save in the brain, which still receives its usual supply. It 
is specially worthy of note, that the coats of the small intestines are 
peciiliarly thinned, so that they become almost transparent ; and that the 
gaU-bladder is almost invariably turgid with bile, the cadaveric exudation 
of which tinges the surrounding parts. And further, the body rapidly 
passes into decomposition. 

60. Now it is peculiarly worthy of note, that the deficient supply of 
new histogenetic materials appears to check the elimination and removal 
of those which have become effete ; for in no other way can we account 

* Ludwig, ** Physiologie,” 1861, vol. ii. p. 683. 

t See Eostan in “Diction, de Mddecine,” art. ‘ Abetinence^l# and Dr. Donovan’s 
account of the Irish famine of 1847 in the “Dublin Medical Pr&/’ Feb., 1848 ; also 
a paper by Martin, “Med. T. and Oaz.,” April, 1861. 
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for that tendency to putrescence, which is so remarkably manifested 
during life in the fostid exhalation and in the peculiar secretion from the 
skin, and which is shown after death in the rapidity with which putre- 
faction supervenes. Moreover, towards the close of many exhausting 
diseases, the fatal termination of which is really due to a chronic inanition, 
it frequently happens that a ^ colliquative diarrhcea ’ comes on, which 
must be considered as a manifestation of the general disintegration that 
is making progress even during life. — Now referring to the conditions 
hereafter to be enumerated, as those which favour the operation of 
zymotic poisons in the body, it is obvious that no state could be more 
liable to it than this ; since we have not merely that general depression 
of the vital powers, which is a predisposing cause of almost any kind of 
malady, and pre-eminently so of zymotic diseases ; but also the presence 
of a large amount of disintegrating matter in the blood and general system, 
which forms the most favourable nidus possible for the reception and 
multiplication of such poisons. And thus it happens that pestilential 
diseases most certainly follow in the wake of a famine, and carry off a far 
greater number than perish from actual starvation. 

Gl. Another class of phenomena, however, results from such a defi- 
ciency of alimentation as is not adequate to produce the results just de- 
scribed ; provided this deficiency be prolonged for a considerable length of 
time, and especially if it be conjoined with other unfavourable conditions. 
Of this, a remarkable example was presented at the Milbank Penitentiary 
in 1823. Tlie prisoners confined in this establishment, who had pre- 
viously received an allowance of from 31 to 33 oz. of dry nutriment 
daily, had this allowance suddenly reduced to 21 oz., animal food being 
almost entirely excluded from the diet scale. They were at the same time 
subjected to a low grade of temperature, and to considerable exertion ; 
and were confined within the walls of a prison situated in the midst of a 
marsh which is below the level of the adjoining river. The prison had 
been previously considered healthy ; but in the course of a few months, 
the health of a large proi)ortion of the inmates began to give way. The 
first symptoms were loss of colour, and diminution of flesh and strength ; 
subsequently diarrhoea, dysentery, and scurvy ; and lastly adynamic fevers, 
or headache, vertigo, convulsions, maniacal delirium, apoplexy, &c. The 
smallest loss of blood produced syncope, which was frequently fatal : and 
after death, ulceration of the mucous lining of the alimentary canal was 
very commonly found. Out of 8G0 prisoners, no fewer than 437, or 52 
per cent, were thus affected. The influence of concurrent conditions, 
especially of previous confinement, was here remarkably shown ; for those 
were found to be most liable to disease, who had been in prison the 
longest. That the reduction of the allowance of food, however, was the 
main source of the epidemic, was proved by the two following facts : — 
the prisoners employed in the kitchen, who had 8 oz. of bread additional 
per day, were not attacked, except three who had only been there a few 
days : and after the epidemic had spread to a great extent, it was found 
that the addition of 8 oz. to the daily allowance of vegetable food, and 
^ oz. to the animal, greatly facilitated the operation of the remedies which 
were used for the |J^?storation of health.* 

* See Dr. Latham On the Diseases in the Millbank Penitentiary,” 1821. A similar 
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62. It is a ctirious effect of insufficient nutriment, as shown by the 
inquiries of Chossat (Op. cit.), that it produces an incapability of digesting 
even the small amount consumed. He found that when turtle-doves 
were supplied with limited quantities of com, but with water at discre- 
tion, the whole amount of food taken was scarcely ever actually digested ; 
a part of it being rejected by vomiting, or passing-off by diarrhoea, or 
accumulating in the crop. It seems as if the vital powers were not suffi- 
cient to furnish the requisite supply of gastric fluid, when the body began 
to be enfeebled by insufficient nutrition ; or perhaps we might well say, 
the materials of the gastric fluid were wanting. — Hence the loathing of 
food, which is often manifested by those who have been subjected to the 
influence of an insufficient diet scale in our prisons and poor-houses, and 
which has been set down to caprice or obstinacy, and punished accordingly, 
may be actually a proof of the deficiency of the supply, which we might 
expect to have been voraciously devoured, if really less than the wants of 
the system require. 

63. It is extremely important that the Medical Practitioner should 
be aware, that many of the phenomena above described may be induced 
by the adoption of a system of too-rigid abstinence in the treatment of 
various diseases ; and that they have been frequently confounded with 
the symptoms of the malady itself, and have led to an entirely erroneous 
method of treating it. Many cases,” says Dr. Copland,* have occurred 
to me in practice, where the antiphlogistic regimen, which had been too 
rigidly pursued, was itself the cause of the very symptoms which it was 
employed to remove. Of these symptoms, the affection of the head and 
delirium are the most remarkable, and the most readily mistaken for an 
actual disease requiring abstinence for its removal.” — The experience of 
those especially, who are largely engaged in consulting practice, must have 
furnished numerous illustrations of the above statement. Dr. Copland 
mentions the following, A professional man had been seized with fever, 
for which a too-rigid abstinence was enforced, not only during its con- 
tinuance, but also during convalescence. Delirium had been present at 
the height of the fever, and recurred when the patient was convalescent. 
A physician of eminence in maniacal cases was called to him, and recom- 
mended that he should be removed to a private asylum. Before this was 
carried into effect, I was requested to see him. A different treatment 
and regimen, with a gradual increase of nourishment, were adopted ; and 
he was well in a few days, and within a fortnight returned to his pro- 
fessional avocations.” 

64. The time during which life can be supported under entire absti- 
nence from food or drink, is usually stated to vary from eight to ten days ; j* 
the period may be greatly prolonged, however, by the occasional use of 

example of the effects of prolonged insufficiency of diet was furnished at the Maison 
Oentrale of Nimes, for a highly instructive account of which by M. Boileau-Castelnau, 
chief physician to the ‘Maison Centrale,’ see “Ann. d’Hygidne Publ.” Janv., 
1849. 

* “Dictionary of Practical Medicine,’' vol. i. p. 26. 

+ There seems adequate evidence, that a state which may be characterized as one of 
SyncopCf — the animal functions being entirely suspended, and the organic functions 
being r^uced to an extremely low ebb, — may be prolonged for many days, or even 
weeks, provided the temperature of the body be not too much reduced. This class of 
facts, however, will be more appropriately considered hereafter (chap. xix.). 
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water, and still more by a very small supply of food : or, even, it would 
seem by a moist condition of the surrounding atmosphere, which obstructs 
the exhalation of liquid from the body. Thus Foder6 mentions that some 
workmen were extricated alive, after fourteen days’ confinement in a cold 
damp vault, in which they had been buried under a ruin. Dr. Sloan has 
given an account* of the case of a healthy man cst. 65, who was found 
alive after having been shut-up in a coal-mine for twenty-three days, 
during the first ten of which he was able to procure and sw^ow a small 
quantity of foul water ; he was in a state of extreme exhaustion, and died 
three days afterwards, notwithstanding the attempts made to recover him. 
— It would seem as if certain conditions of the Nervous system, especially 
those attended with peculiar emotional excitement, are favourable to the 
prolongation of life under such circumstances. Thus, in a case recorded 
by Dr. Willan, of a young gentleman who starved himself under the influ- 
ence of a religious delusion, life was prolonged for sixty days ; during the 
whole of which time, nothing else was taken than a little orange-juice. 
In a somewhat similar case which occurred under the Author’s notice, in 
the person of a young French lady, more than fifteen days elapsed between 
the time that she ceased to eat regularly, and the time of her being com- 
pelled to receive nourishment ; during this period she took a good deal of 
exercise, and her strength seemed to suffer but little, although she swal- 
lowed solid food only once, and then in small quantity. Again, in certain 
states of the system commonly known as ‘ hysterical,’ there is frequently 
a very remarkable disposition for abstinence, and power of sustaining it. 
It may be well to remark that, under such circumstances, the continual 
persuasions of anxious friends are very injurious to the patient ; whose 
return to her usual state will probably take place the earlier, the more 
completely she is left to herseff. 

3. Movements of the Alimentary Canal, 

65, The motions by which Food is conveyed to the Mouth and intro- 
duced into its cavity, constituting the acts of Prehension and Ingesfiony 
are ordinarily considered to be voluntary, at least in the adult ; and it is 
indubitable that the Will has entire control over them. Nevertheless, 
they belong to the class of ‘ secondarily automatic ’ movements ; and like 
those of locomotion, may be kept-up when the will is in abeyance, by the 
®^Sg^sting and ^mding influence of sensations, thus being performed under 
the same essential conditions as the purely ‘consensual’ or ‘ sensori-motor’ 
actions.'!' The necessity of ‘ guiding sensations ’ for their performance is 
made evident by one of Sir C. Bell’s experiments, the wrong interpreta- 
tion of whose results originally led him to an erroneous view of the func- 
tions of ^e Fifth pair of nerves, lie found that an Ass, in which the 
infra-orbital branch of this nerve had been divided, made no attempt to 
pick-up oats with its lip, although the animal saw them, bent-down its 

* “Medical Gazette,” vol. xvii. p. 389 . 

t This, the Author thinks, will be conformable to the experience of most of his 
refers ; who will find, if they analyze their own consciousness, that they continue to eat 
while th^ whole is given to some abstract train of thought, or to some ex- 

ternal obj^t. But a remarkable case will be cited hereafter (chap, xi.), which fully 
confirms the view here advanced ; the movements, not merely of the Hps and jaws, but 
those by which food was conveyed to the mouth, havbg been carried-on automatically, 
when once (so to speak) the spring was touched by which they were set in action. 
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head with the obvious purpose of ingesting them, and brought its lip into 
absolute contact with them ; hence he concluded that the power of motion 
was destroyed in the lip, when it was in reality only the guiding sensa- 
tion that was deficient, the motor power being supplied by the Facial 
nerve or Portio dura. 

66. The food thus introduced into the mouth, is subjected (unless it 
be already in a state which needs no further reduction) to the process of 
Mastication. This is evidently an operation of great importance, in pre- 
paring the substances to be afterwards operated-on, for the action of their 
solvent; and it exactly corresponds with the trituration to which the 
Chemist would submit any solid matter, that he might present it in the 
most advantageous form to a digestive menstruum. The complete disin- 
tegration of the alimentary matter is, therefore, of great consequence; 
and, if imperfectly effected, the subsequent processes are liable to derange- 
ment. Such derangement we continually meet with; for there is not, 
perhaps, a more frequent source of Dyspepsia than imperfect mastication, 
whether resulting from the haste with which food is swallowed, or 
from the want of the instruments proper for the reducing operation. 
The mechanical disintegration of the food is manifestly aided by Insali- 
vation ; but the admixture of Saliva also exerts, as we shall hereafter 
see, a very marked influence on the chemical composition of certain 
of its constituents. — The movements of Mastication, still more than those 
already adverted-to, although under the complete control of the WiH, and 
originally dependent upon it for their excitation, come at last to be of so 
habitual a character, that they continue when the direct influence of the 
will is withdrawn, the influence of the guiding ‘ sensation,’ however, 
being essential to their performance. Every one is conscious that the act 
of mastication may be performed as well, when the mind is attentively 
dwelling on some other object, as when directed to it; but, in the former 
case, we are rather apt to go on chewing and rechewing what is already 
fit to be swallowed, simply because the will does not exert itself to check 
the action, and to carry the food backwards within the reach of the 
muscles of deglutition. This conveyance of food backwards to the fauces 
is a distinctly voluntary act ; and it is necessary that it should be guided 
by the sensation, which there results from the contact it induces. If* the 
surface of the pharynx were as destitute of sensation, as is the lower part 
of the oesophagus, we should not know when we had done what was 
necessary to excite its muscles to operation. — The muscles concerned in 
the Mastication of food are nearly aU supplied by the third branch of the 
Fifth pair, a large proportion of which is well known to have a motor 
character. Many of these muscles, especially those of the cheeks, are 
also supplied by the Facial nerve ; and yet, if the former be paralyzed, 
the latter cannot stimulate them to the necessary combined actions. 
Hence we see that the movements are of an associated character, their 
due performance being dependent on the part of the nervous centres, 
from which the motor influence originates. If the Fifth pair, on the 
other hand, be uninjured, whilst the Portio Dura is paralyzed, the move- 
ments of Mastication are performed without difficulty ; whilst those con- 
nected in any way with the Respiratory function, or with Expression, are 
paralyzed. If, again, the sensory portion of the Fifth pair be paralyzed. 
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the act of Mastication is very imperfectly performed, even though the 
motor power be not in the least impaired ; for the muscles cannot be 
made to perform the requisite associated movements without the gmdance 
of sensations j so that the morsel lodges between the teeth and the cheek, 
or beneath the tongue, and can with difficulty be kept in the appropriate 
position. 

67. When the reduction of the food in the mouth has been sufficiently 
accomplished, it is carried into the Pharynx^ and is thence propelled down 
the oesophagus into the stomach, by a set of associated movements, which 
taken together, constitute the act of Deglutition, These movements were 
first described in detail by Magendie; but his account requires some 
modification, through the more recent observations of Dzondi,* Budge, f 
Bidder, J Czermak, and Schuh.§ The first stage in the process is the 
carrying back of the food until it has passed the anterior palatine arch ; 
this is effected by the contraction of the mylohyoid, || the longitudinal 
and transverse muscles of the tongue, which together render the tongue 
shorter and thicker, pressing it against the roof of the mouth, whilst the 
styloglossi draw it somewhat backward : these movements are purely 
voluntary. The second act now commences, during which the entrance 
of food into the nasal cavities and trachea is most jealously guarded 
against, by certain reflex actions which have only been clearly recognised 
since the introduction of the laryngoscope by Czermak. During this act 
the tongue is carried still farther backwards, the larynx rises, so as to be 
covered by the epiglottis, which is at the same time somewhat depressed, 
and placed horizontally, so that its upper border touches the posterior 
wall of the pharynx. The cushion at the base of the epiglottis becomes 
applied to the arytenoid cartilages, and the vocal cords, both true and 
false, are closely approximated ; a triple protection against the entrance 
of the food into the trachea being thus afforded. Coincidently with these 
movements, the lower border of the velum palati becomes applied to the 
walls of the pharynx, and the muscles of the posterior palatine arch con- 
tract in such a manner, as to cause the sides of the arch to approach each 
other like a pair of curtains, so that the passage from the fauces into the 
posterior nares is nearly closed by them ; and to the cleft between the 
approximated sides, the uvula is applied like a valve. A sort of inclined 
plane, directed obliquely downwards and backwards, is thus formed ; and 
the morsel slides along it into the pharynx, which is brought-up to re- 
ceive it. Though some of these acts may be performed voluntarily, the 
combination of the whole is automatic.^ The third stage of the process, 
the propulsion of the food down the oesophagus, then commences. This 
is accomplished, in the upper part, by means of the constrictors of the 

* See Prof. Muller’s “ Elements of Physiology” (translated by Dr. Baly), p. 501. 

t “Phys.,” 1860, p. 157. t “ NeueBeobachtimgen,” Dorpat, 1838. 

§ "‘On the Laryngoscope,” Canstatt, 1858. 

)) Tourtual, “Neue Untersuchungen,” Lelp. 1846, 

■|I The observations of Schuh (Canstatt, 1858) upon the movements of the soft palate 
during deglutition seem to show that this part is somewhat more active during the 
^cond stage than it was described to be by Dzondi. He had an opportunity of observ- 
ing them in a woman, the left side of whose face had been removed by an operation. 
When the patient drank, the soft palate raised itself above the horizontal line, as soon as 
the glass was approximated to her lips. It remained in this position whilst the fluid 
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pbarynx; and in the lower, by the muscular coat of the ossophagus 
itself. When the morsels are small, and are mixed with much fluid, the 
imdulating movements from-above-downwards succeed each other very 
rapidly, as may be well observed in Horses whilst drinking; large 
morsels, however, are frequently some time in making their way down. 
Each portion of food and drink is included in the contractile walls, which 
are closely applied to it during the whole of its transit. The gurgling 
soimd, which is observed when drink is poured down the throat of a per- 
son in articulo mortid, is due to the want of this contraction. The whole 
of the third stage is completely involuntary. — At the point where the 
oesophagus enters the stomach, the ‘ cardiac orifice ’ of the latter, there is 
a sort of sphincter, which is usually closed, but which opens when suffi- 
cient pressure is made on it by accumulated food, closing again, when 
this has passed, so as to retain it in the stomach. 

68. The purely automatic nature of the act of Deglutition is shown by 
the fact, that no attempt on our part will succeed in performing it 
really voluntarily. In order to excite it, we must apply some stimulus 
to the fauces. A very small particle of solid matter, or a little fluid 
(saliva, for instance), or the contact of the back of the tongue itself, will 
be sufficient ; but without either of these, we cannot swallow at will. Nor 
can we restrain the tendency, when it is thus excited by a stimulus; 
every one knows how irresistible it is, when the fauces are touched in any 
unusual manner ; and it is equally beyond the direct control of the will, 
in the ordinary process of eating, — voluntary as we commonly regard 
this. Moreover, this action is performed, like that of respiration, when 
the power of the will is suspended, as in profound sleep, or in apoplexy 
affecting only the brain ; and it does not seem to be at all affected by 
the entire removal of the brain, in an animal that can sustain the shock 
of the operation ; being readily excitable, on stimulating the fauces, so 
long as the nervous structure retains its functions. This has been expe- 
rimentally proved by Dr. M. Hall ; and it harmonizes with the natural 
experiment sometimes brought under our notice in the case of an ancn- 
cephalous infant, in which the power of swallowing seems as vigorous as 
in the perfect one. But, if the ‘ nervous circle ’ be destroyed, either by 
division of the trunks, or by injury of any kind to the portion of the 
nervous centres connected with them, the action can no longer be per- 
formed ; and thus we see that, when the effects of apoplexy are extending 
themselves from the brain to the spinal cord, whilst the respiration be- 
comes stertorous, the power of Deglutition is lost, and then respiration 
also speedily ceases. 

69. Our knowledge of the nerves specially concerned in this action, is 
principally due to the very careful and well-conducted experiments of 
Dr. J. Reid.* From a carefxil examination of the actions of deglutition, and 
of the influence of various nerves upon them. Dr. Reid drew the following 

was being sucked in ; but as soon as swallowing commenced it very suddenly descended, 
so as to press the fluid into the oesophagus. It then again elevated itself with even 
greater tension, and again descended. In swallowing solid food the same sudden ascent 
and descent of the Velum upon the deglutition of each morsel was observable. 

* “Edinb. Med. and Surg. Joum.,” vol. xlix. ; and ** Physiological, Anatomical, and 
Pathological Eesearches,” CHAP. iv. 
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conclusions : — The excitor impressions are conveyed to the Medulla Ob- 
longata chiefly through the Glosso-pharyngeal, but also along the branches 
of the Fifth pair distributed upon the fauces, and probably along the 
superior laryngeal branches of file Pneumogastric distributed upon the 
pharynx. The motor influence passes chiefly along the pharyngeal branches 
of the Pneumogastric, which are probably originally derived from the 
Spinal Accessory; along the branches of the Hypoglossal, distributed to the 
muscles of the tongue, and to the sterno-hyoid, stemo-thyroid, and thyro- 
hyoid muscles ; along the motor filaments of the Recurrent laryngeals ; 
along some of the branches of the Fifth, supplying the elevator muscles 
of the lower jaw ; along the branches of the Facial, ramifying upon the 
digastric and stylo-hyoid muscles and upon those of the lower part of 
the face ; and probably along some of the branches of the Cervical plexus, 
which unite themselves to the descendens noni. It was further observed 
by Dr. Reid, that the stylo-pharyngeus muscle is usually thrown into 
contraction, when the roots of the Glosso-pharyngeal nerve are irritated ; 
and as this has been also noticed by Mayo, Volkmann, and others, we 
are probably to consider the Glosso-pharyngeal as a motor nerve, in so 
far as that muscle is concerned.* 


70. When the food has been propelled downwards by the Pharyngeal 
muscles, so far as their action extends, its further progress through the 
(Esophagus is effected by a kind of peristaltic contraction of the muscular 
coat of the tube itself. This movement is not, however, due only to the 
stimulus of the muscular fibre by the pressure of the food, as it seems 
to be in tlie lower part of the alimentary canal ; for Dr. J. Reid has found, 
by repeated experiment, that the continuity of the oesophageal branches 
of the Pneumogastric with the Medulla Oblongata is necessary for the 
rapid propulsion of‘ the food ; so that it can scarcely be doubted, that an 
impression made upon the mucous surface of the oesophagus, conveyed by 
the afferent fibres of these nerves to their ganglionic centre, and reflected 
downwards along the motor fibres, is the real cause of the muscular 
contraction. If the Pneumogastric be divided in the rabbit, on each side, 
above the oesophageal plexus, but below the pharyngeal branches, and the 
animal be tlien fed, it is foimd that the food is delayed in the oesophagus, 
from spasmodic contraction of the cardiac sphincter, which becomes 
greatly distended. Further, if the lower extremity of the Pneumogastric 
be irritated, distinct contractions are seen in the oesophageal tube, pro- 
ceeding from above downwards, and extending over the cardiac extremity 
o the stomach. — We have here, then, a distinct case of reflex action, 
wi lout sensation, occurring as one of the regular associated movements in 
r of the animal body; and it is very interesting to 

nnd this following upon a reflex action with sensation (that of the 
phaiyr^) and Receding a movement which is but slightly connected with 
the bpinal Cord (that of the lower part of the alimentary canal). The 
use of sensation in the former case has been already shown. The 
muscular fibres of the (Esophagus are also excitable, though usually in a 
less degree, by direct sUmulation ; for it appears that, in some animals 


“erne not impmtable that the disorepant resnlts ob- 
i^t^ dLr toion eiperimenters on this pomt, are partly to be eipUined by dififerenoes 
m tne dietnbntion of the nerves m the several species of animals operated-on. 
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(the Dog, for example), section of the pneumogastric does not produce 
that check to the propulsion of the food, which it occasions in the Eabbit; 
and even in the Rabbit, as Dr. M. Hall has remarked,* the simple con- 
tractility of the muscular fibre occasions a distinct peristaltic movement 
along the tube, after its nerves have been divided ; causing it to discharge 
its contents when cut across. Such a movement, indeed, seems to take 
place in something of a rhythmical manner (that is, at short and tolerably 
regular intervals,) whilst a meal is being swallowed ; but as the stomach 
becomes full, the intervals are longer, and the wave-like contractions less 
frequent. The reopening of the cardiac orifice, on pressure from witJdn 
(which is usually resisted by the sphincter, as in the acts of defecatioh, par- 
turition, &c.), is one of the first of that series of reversed actions which con- 
stitutes the act of Vomiting ; and this is accompanied by a reversed 
peristaltic action of the oDsophagus. The independence of these actions, one 
of another, and their relation to a common cause, is remarkably shown by 
the fact, that when vomiting takes place as a consequence of the injection 
of tartar-emetic into the veins, the reversed peristaltic action of the 
(Esophagus is performed even after its separation from the stomach. 

71. The food, which, thus propelled along the oesophagus, enters the 
Stomach through its cardiac orifice in successive waves, is immediately 
subjected to a peculiar peristaltic movement, which has for its object to 
produce the thorough intermixture of the gastric fluid with the alimentary 
mass, and to separate the portion which has been sufficiently reduced, 
from the remainder. The fasciculi composing the muscular wall of the 
Human stomach, are so disposed as to lessen its diameter in every direc- 
tion ; and whilst the cavity is empty, they are uniformly contracted, so as 
to reduce the organ to its smallest dimensions. When food is introduced, 
the contraction of the parietes as a whole still continues, to such a degree as 
to make them closely apply themselves to its surface ; but the contraction 
of the individual fasciculi alternates with relaxation, in such a manner as 
to induce a great variety of motions in this organ, sometimes transversely, 
and at other times longitudinally. “ These motions,” remarks Dr. Beau- 
mont, who has enjoyed a peculiar opportunity of observing them,']' “ not 
only produce a constant disturbance or churning of the contents of the 
stomach, but they compel them at the same time to revolve about the 
interior from point to point, and from one extremity to the other.” In 
addition to these movements, there is a constant agitation of the stomach, 
produced by the respiratory muscles. The nature of these, and indeed 
of all peristaltic movements, has been stated by Dr. Brinton j to resemble 
very closely those produced by the descent of a perforated piston in a 
closed tube containing fluid, for here there would be peripheral currents 
passing in the same direction as the piston, and a central current 
flowing in the opposite direction, through the perforation in the piston. 
The direction which the particles of food take, as described by Dr. Beau- 
mont, corresponds very fairly with this view. He says : — “ The bolus as 

* “ Third Memoir on the Nervous System,” § 201. 

f See the “ Case of Alexis St. Martin, with Observations and Experiments by Dr. 
Beaumont,” republished in this country by Dr. Andrew Combe. — This patient had a 
large fistulous orifice in his stomach, remaining after a wound which had laid-open the 
cavity ; but his general health had been completely restored. 

t “Cyclop. Anat. and Phys.,” vol, v. pp. 313 and 345. 
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it enters the cardia, turns to the left, passes tlie aperture, descends into 
the splenic extremity, and follows the great curvature towards the pyloric 
end. It then returns, in the course of the smaller curvature (or as Dr. 
Brinton supposes, through the axis of the stomach), and makes its appear- 
ance again at the aperture in its descent into the great curvature, to per- 
form similar revolutions. These revolutions are completed in from one 
to three minutes. They are probably induced, in a great measure, by 
the circular or transverse muscles of the stomach. They are slower at 
first, than after chymification has considerably advanced;” at which time 
also there is an increased impulse towards the pylorus. It is probable 
that, from the very commencement of chymification, until the organ be- 
comes empty, portions of chyme are continually passing into the duode- 
num ; for the bulk of the alimentjiry mass progressively diminishes, and 
this the more rapidly as the process is nearer its comjdetion. The ac- 
celerated exj)ulsion appears to bo effected by a peculiar action of the 
transverse muscles ; and especially of that portion of them, which surrmmds 
the stomach at about four inches from its pyloric extremity. This band 
is so forcibly contracted in the latter part of the digestive process, that it 
almost se])arates the two portions of the stomach into a sort of hour-glass 
form ; and Dr. Beaumont states that, when he attempted to introduce a long 
thermometer-tube into the pyloric ])ortion of the stomach, the bulb was 
at first gently resisted, then allowed to pass, and then grasped by the 
muscular parietes beyond, so as to be drawn-in : whence it appears that 
the contraction has for its object, to resist the passage of solid bodies into 
the pyloric extremity of the stomach, at this stage of digestion, whilst the 
matter which has been reduced to the fluid form is puinped-away (as it 
were) by the action of that portion of the viscus. These 2)eculiar motions 
continue, until the stomach is perfectly empty, and not a particle of food 
or of cliymc remains ; and when they are nearly brought to a close, the 
contraction of the pyloric orifice also gives- way, to an extent sufficient to 
allow not only the undigested residue of the food, but also large solid 
bodies that may have been swallowed (such as coins and the like), to pass 
into the intestinal canal. 

72 . With regard to the degree in which these movements of the 
Stomach, whose share in the Digestive operation is so important, are de- 
pendent upon the Spinal cord, and arc consequently of a ^ reflex’ nature, 
it is difficult to speak with certainty, owing to the contradictory results 
obtiiined by different exjierimenters. These contradictions, however, seem 
partly due to a diversity in the nature of the animals experimented-on, 
and partly to a difference in the stage of the digestive process at which 
the observations were made. It seems to be well established by the 
researches of Ileid, Valentin, and others,* that distinct movements may 
be excited in the stomach of the Babbit, if distended with food, by irritat- 
ing the Pneumogastric soon after the death of the animal ; these move- 
ments appear to commence from the cardiac orifice, and then to spread 

* See Dr. Reid’s Physiological, Anatomical, and Pathological Researches,” chap. v. ; 
Valentin, “De Functionibus Nervorum Cerebralium,” &c.,chap. xi. ; alsoLonget, “Anat. 
et Physiol, du Syst^me Nerveux,” tom. i. p. 323 ; and ‘‘Physiologic,” voL i. p. 234, 
1861 ; and Bischoff in “Muller’s Archiv,” 1843. Pinens, “Exp. de vi Nervi Vagi,” 
Wratislaw, 1856 ; Hartung, “ Ueber die Nervi Vagi,” Giessen, 1858; SchiflEi “ Physio- 
logic,” 1859, p. 420 ; Bernard, “ Med. Times and Gaz.,” 1860, vol. ii. p. 1 ; Ravitseb, 
“Muller’s Archiv,” 1861, p. 779. 
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themselves in a sort of peristaltic manner along the walls of the stomach : 
but no such movements can be excited if the stomach be empty. When 
the Pneumogastrics are divided in the neck, the cardiac orifice of the 
stomach becomes spasmodically contracted* ** — a condition which, after lasting 
for about thirty-six hours, generally passes off. K previously to that period 
the animal be allowed to eat, the food accumulates in the lower part of 
the msophagus, and death results from suffocation. The contraction of the 
cardiac sphincter appears, therefore, to be governed by other nerves than the 
Pneumogastric, and in all probability the Sympathetic determines its 
closure ; but there is abundant evidence to show that the peristaltic move- 
ments of the stomach are chiefly governed by the Pneumogastrics, and are 
materially impaired when these are divided. Yet after their section if small 
portions of food be introduced into the stomach, these can still be pro- 
pelled downwards, either as Ludwigf and Schifff suppose, from the 
reflex action of the ganglia of the Sympathetic, or from the contractions 
of the muscular fibres produced by direct irritation. Tlie moderate excite- 
ment of pleasurable emotions is lavourable to the operation of digestion ; 
not only by giving firmness and regularity to the action of the heart, and 
thence promoting the circulation of the blood and the increase of the 
gastric secretion ; but also in all probability by imparting firmness and 
regularity to the muscular contractions of the stomach. 

73. Much discussion has taken place upon the question, how far con- 
traction of the parietes of the Stomach itself actively participates in the 
operation of Vomiting ; and many experiments have been made to deter- 
mine the facts of the case. Some, like Magendie, have gone so far as to 
affirm that the stomach is entirely passive; grounding this inference uj)on 
the fact experimentally ascertained, that when the stomach was removed, 
and a bladder was substituted for it, this was emptied of its contents by 
the compression of the parietes of the abdomen, when tartar-emetic was 
injected into the veins. But this fact by no means disproves the active 
co-operation of the stomach ; and judging from the analogy of the uterus, 
bladder, and rectum, — whose muscular walls are all actively concerned in 
the expulsion of their contents, though that expulsion is in great part due 
to the contraction of the abdominal muscles, — we should be led to concur 
with the common opinion, of which our own sensations during the act 
would indicate the correctness. And this opinion has been confirmed by 
observation of a caso,§ in which, the abdominal parietes having been acci- 
dentally laid-open in the human subject, and the stomach having wholly 
protruded itself, it was seen to contract itself repeatedly and forcibly, 
during the space of half an hour, until by its own efforts it had expeUed 
all its contents except gases. || Contraction of the Pylorus, which, accord- 
ing to Budge, ^ takes place with great energy, and (as already mentioned), 
relaxation of the cardiac sphincter, are essential to the act of vomiting ; 

* Bernard, “ Med. Times and Gaz.,” 1860, vol. ii. p. 1. 

+ Physiologic,” p. 614. t ‘‘ Untersuchungen zur Naturlehre,” viii. p. 323. 

§ Lepine, in *‘BulJet. de I’Acad. Roy. de Medecine,” 1844. 

II Dr. Brinton thinks it improbable that antiperistaltic movements ever occur, 
such an effect as vomiting being always produced by an active peristalsis occasioning an 
energetic axial recurrent stream. But it appears certain that such movements have 
been actually witnessed, both in Man and Animals (Ludwig, vol. ii. p. 617 ; Busch, 

** Virchow’s Archiv,” vol. xiv. p. 140 ; Todd and Bowman, vol. ii. p. 236). They are 
described as being intermittent, and ceasing during sleep. 

H Budge, “Lehrbuch der Physiologic,” 1862, p, 179. 
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and unless the latter takes place, all the other movements will be in vain : 
for its fibres, when contracted, can resist the combined force of all the 
expulsor muscles. There can be little doubt that the violent but fruitless 
efforts at vomiting which we occasionally witness (two or three such 
efforts frequently preceding the effectual one), are prevented from empty- 
ing the stomach by the obstinacy with which the cardiac sphincter is kept 
closed ; just as the expiratory effort which assists in emptying the sto- 
mach, is prevented, by the firmness with which the glottis is held shut, 
from expelling the contents of the chest. It is not true, as was formerly 
supposed, that the diaphragm actively co-operates in the effort of vomit- 
ing ; for, as was first pointed-out by Dr. M. Hall,* this effort, like those 
of defecation, urination, and parturition, is essentially performed by the 
muscles of expiration ; with this difference, however, that the diaphragm, 
instead of being passive, is fixed, and supplies a firm surface against which 
the stomach is pressed. In this, as in the other cases just referred-to, the 
expulsive effort is preceded by a deep inspiration, after which the glottis 
is spasmodically closed during its whole continuance. — The immediate 
causes of vomiting may be reduced to three different categories. 1st. 
The contact of irritating substances with the mucous membrane of the 
stomach itself ; these, however, cannot act by direct stimulation upon 
more than its own muscular coat ; and their operation upon the asso- 
ciated muscles must take place by reflexion, through the ‘ nervous circle ’ 
furnished by the pneumogastricsf and the motor nerves of expiration. 
2nd. Irritations applied to other parts of the body, likewise operating by 
simply -reflex transmission ; as in the vomiting which is consequent upon 
the strangulation of a hernia, or the passage of a renal calculus ; or in 
that which is excited by the injection of tartar^emetic or emetin into the 
circulating current, where these substances probably produce their cha- 
racteristic effect by their operation on the nervous centres. 3rd. Impres- 
sions received through the sensorial centres, which may be either sensa- 
tional or emotional, but which do not operate unless they are felt. In 
this mode seems to be excited the vomiting that is induced by tickling the 
fauces, which first gives rise to the sensation of nausea ; as well as the 
vomiting consequent upon disgusting sights, odours, or tastes, and upon 
those peculiar internal sensations which are preliminary to ‘ sea-sickness.’ 
The recollection of these sensations, conjoined with the emotional state 
which they originally excited, may itself become an efficient cause of the 
action, at least in individuals of peculiarly irritable stomachs or of highly 
sensitive nervous systems ; for this plays downwards upon the sensorial 
centres, in such a manner as to excite in them the same condition as that 
which was originally produced through the medium of the sensory nerve 
when the object was actually present. (See chap, xi., Sect. 3.) 

74. The passage of the Chyme, or product of the gastric digestion, 
through the pyloric orifice, into the conunencement of the Intestinal tube, 
is at first slow ; but when the digestive process is nearly completed, it is 
transmitted in much larger quantities. The pyloric orifice, like the 
cardiac, is furnished with a sphincter muscle ; but how fer its contractions 

* ** Quarterly Journal of Science/' vol. xxv. p. 888 et aeq. 

i* Hemak observed that, after section of one Pneumogastric, irritation of the centric 
extremity produced powerful contractions of the Abdominal Muscles, and induced vomit- 
ing (Schiff, “Phys.,” p. 420), a fact which has also been coiToborated by Budge 
(‘*Physiolog.” 1862, p. 180) and Waller, “Froriep's Tagesbericht,” 1861, p. 816). 

F 2 
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are dependent upon ^ reflex action,’ lias not yet been ascertained The 
ingested matter, which undergoes further changes of a very important 
character within this portion of the canal, is gradually propelled onwards 
by the peristaltic contractions of its walls , and these are excited by the 
contact, either of the products of digestion, or of the secretions poured-in 
by the various glands that discharge their products into the intestinal 
tube * In its progress along the small intestines, the nutritious portion 
of the ingested matter is gradually taken-up by the blood-vessels and 
absorbents, and the residue, combined with excremcntitious matters 
separated from the blood, begins to assume the fsecal character A further 
absorption takes place during the passage of the laocal matter through 
the large mtcstines , and thus by the time it reaches the ret turn, it lias 
acquired a considerable degree of consistency — The ordin iry Peristaltic 
movements of the Intestinal canal may, to some extent, be rci erred to reflex 
action through the chain of Nerves and nervous g inglia, one layer of which 
has been shown by Meissner to exist in the submucous areolar tissue, and 
another, by Auerbath, between the circular <ind longitudinal liyers of 
muscular tissue of the small intestines, and on the outside of the longi- 
tudinal layer in the Lirgc intestine | They may, however, be e\( ited by 
irritation of more disbmt syrnjiathetic centres, as of the solar plexus, J and of 
the S) mp ithetic Ganglia of the Neck § Indeed, the exj)eriments of Valentin, 
who, more than any other Physiologist, has succeeded in obtaining positive 
results of this kind, indicate that the motor influence does not originate in 
the Syinjiathetic (xanglia, but is primarily derived from the Sjanal c ord || 
The following are his general results, so far as they ai)ply to this ji^irt ot 
the subject — The lower part of the OEsophagus in the neck is made to 
contract peristaltic ally from above downwards, by irritation of the roots 
of the first three cervical Spinal nerves, and of the cervical portion of the 
Sympathetic, through which last the former evidently ojicrate The tho- 
racic portion of the oesophagus is made to contr ict, by irriUtion of the 
lowest Sympathetic ganglion of the neck, and of the higher thoracic 
g<ingba, and also of the roots of the lower ccivical Sjiinal nerves — Mus- 
cidar contractions of the Stomach arcjiroduced in tlie rabbit, by irritition 
of the roots of the 4th, 5th, 0th, and 7th cervical Spinal nerves, and of 
the 1st thoracic, so that a distinct furrow is evident between the cardiac 
and pyloric portions of the viscus , and the lower the nerve irritated, the 
nearer to the pylorus do the contractions extend Irritation of the fust 
thoracic ganglion of the Sympathetic produces the same effect — Contrac- 
tions of the Intestinal tube, varying in pi ice according to the part of the 
Spinal cord experimented-on, may be excited by irritation of the roots of 
the dorsal, Imnbar, and sacral nerves, aftd of the trigeminus , and similar 
effects are produced by irritation of the lower part of the thoracic portion, 
of the lumbar, and of the sacral portions of the Sympathetic, — also of the 

* The Bile seems to have an important share in pioducing this effect , since, when 
the ductus choledochus is tied, constipation always occurs The purgative action of 
Mercurials seems to depend m great part upon the increase of the hepatic and other 
secretions which it induces 

+ Auerbach, “Canstatts Jahresbencht,” 1862, p 174, Manz, “Die Nerven und 
Ganglien des Saugethierdarms,” 1859 , Krause, “ Studien des Phys Instit zu 
Breslau,” 1868, p 31 “Unters ub einig Ursach der peristalt. Beweg des Darmcanals ” 

Z Ludwig, “ Physiologic,” vol ii 1861, p 616. 

§ Valentin, “ De Functionibus Nervorum Cerebrahum et Nervi Sympathici, book ii. 
chap. 11. Ii Ibid. 
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splanclmic, and of the gastric plexuses.* PflUger was led from his obser- 
vations! to consider that irritation of the Splanchnic Nerves may, according 
to circumstances, check the movements of the small intestines if they be 
already present, or occasion them if the muscles are at rest. 

75. From these facts it is evident, that the movements of the Intes- 
tinal tube may be injiuenced by the Spinal Cord ; and that what is com- 
monly termed the Sympathetic nerve, is the channel of that influence, by 
the fibres which it derives from tlie Spinal system. But it by no means 
thence follows, that the ordinary peristaltic actions of the muscles in 
question are dependent on a stimulus reflected through the spinal cord, 
rather than on one directly api)]ied to themselves. It is clear that, 
although these movements are of the first inij)ortance to the welfare of the 
system, such means of sustaining tliem are feeble, compared to those 
which we find provided for the maintenance of the distinctly-reflex actions 
of deglutition, respiration, &c. And the fact that they are capable of 
being at all times more easily excited by stimuli ap 2 )lied to the muscles, 
than by any kind of irritation ap})lied to their nerves, — taken in connection 
with the fact that the muscles not only remain irritable, but will execute 
regular peristiiltic contractions, for a long time after any such contractions 
can be excited through their nerves, — seems a very strong indication that 
though the nervous influoiice is the chief, yet that it is not the only agent 
in calling these movements into play. And as we well know that the 
peristaltic movements are affected by particular states of mind, or by con- 
ditions of the bodily system, the connection just traced satisfactorily ac- 
counts for this, and is itself sufhciently explained. The rapidity with 
which the food traverses the intestinal tul)e is subject to great varia- 
tions. In a case of artificial anus which opened into the uj)per part of 
the jejunum, reported by Dr. Busch, J the first i)ortionR of food usually 
appeared in from 22 to dO minutes after ingestion. Whilst in another 
case reported by Dr. Braune,§ in which the artificial anus communicated 
with the intestine a few inches above the ileo-colic valve; the first apj)ear- 
ance of the food presented itself three hours after ingestion, and the last about 
six hours after, so that we may consider the time occu}>ied by the food in 
traversing the small intestine to be about 2^ hours. The food having tra- 
versed tlie small intestine enters the caecum by an aperture guarded by a 
valve (the Iliocsecal), whose lateral position is clearly a provision for j)re- 
veiiting the whole weight of the Faeces as the remains of the food here 
begin to be called by which it might be forced back, from resting upon 
it. The Faeces in their ascent are lodged in the siicculi of the Colon, 
by which they are supported during the intervals of the peristaltic action 
of the Muscular Coat. In their course through the descending colon, they 

* Budge and Schiff, moreover, in experiments on Cats, obtained intestinal movements 
on direct irritation of the Corpora Striata, Optic Thalami, Corpora Quadrigemina, Pons 
\ arolii, Medulla Oblongata, and the Peduncles of the Brain and Cerebellum. Longet, 
however (‘* Phys.” 1861, vol, i. p. 149), on repeating these experiments in Dogs and 
llabbits was unable to arrive at any definite result. See Budge (“Lehrbuch derPhysiologie,” 
1862, p. 785), and Schiff, private communication to Longet (“Physiologie,” p. 149). 
Krause is of opinion that the peristaltic movements of the intestines are chiefly the 
result of the circulation of blood containing a deficiency of oxygen. (See “ Studien der 
Physiolog. Institute zu Bieslau,” 1863, p. 44.) 

i* “ Ueber das Hemmungs Nerven System, fur die peristalt. Bewes. der Gedarumen.” 
Berlin, 1856. ® 

$ “ Virchow’s Archiv,” vol. xiv. p. 140. 

§ Archives Gen^rales de Med.,” 1861, p. 610. 
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pass through its remarkable sigmoid flexure, by which they are prevented from 
directly pressing against the Anal orifice. As regards the movements of the 
large intestine, they differ from those of the small intestine in that they can- 
not, according toPfluger, be checked by irritation of the Splanchnic Nerves. 

76. On examining the outlet by which the faeces are voided, we find 
that it is placed, like the entrance, under the guardianship of the Spinal 
Cord ; subject, however, to some control on the part of the Will. In the 
lowest animals, the act of discharging excrementitious matter is probably 
as involuntary as are the acts immediately concerned in the ij^troduction 
of nutriment ; and it is performed as often as there is anything to be got 
rid of. In the higher classes, however, such discharges are much less 
frequent; and reservoirs are provided, in which the excrementitious 
matter may accumulate in the intervals. The associated movements 
required to empty these, are completely involuntary in their character ; 
and are excited by the quantity, or stimulating quality, of the contents 
of the reservoir. But, had volition no control over them, great incon- 
venience would ensue ; hence sensation is excited by the same stimulus 
which produces the movements, in order that, by arousing the will, the 
otherwise involuntary motions may be restrained and directed. — There 
can be little doubt, from the experiments of Dr. M. Hall, as well as from 
other considerations, that the associated movements by which the contents 
of the rectum and bladder are discharged, correspond much with those of 
Respiration ; being in their own nature excito-motor, but being capable 
of a certain degree of voluntary restraint and assistance. The act of 
Defajcation (as of Urination) chiefly depends upon the combined contrac- 
tion of the abdominal muscles, similar to that which is concerned in the 
expiratory movement ; but, the glottis being closed so as to prevent the 
upward motion of the diaphragm, their force acts only on the contents of 
the abdominal cavity ; and so long as the sphincter of the cardia remains 
closed, it must press downwards upon the walls of the rectum and bladder, 
— the contents of the one or the other of these cavities, or of both, being 
expelled, according to the condition of their respective sjdiincters. These 
actions are doubtless assisted by the contraction of the walls of the rectum 
and bladder themselves ; for we sometimes find their agency sufficient to 
expel the contents of the cavities, when there is a total paralysis of the 
ordinary expulsors, provided tliat the sphincters be at the same time 
sufficiently relaxed. This is more especially the case, when their power 
is augmented by increased nutrition. For example, in many cases of 
disease or injury of the Spinal Cord, the bladder ceases to expel its 
contents, through the interruption of the circle of reflex action ; but 
after a time, the necessity for drawing off the urine by the catheter is 
found to exist no longer, the fluid being constantly expelled as soon as it 
has accumulated in small quantities. In such cases, the mucous coat is 
found after death to be thickened and inflamed ; and the muscular coat 
to be greatly increased in strength, and contracted upon itself. It would 
seem, then, that the abnormal irritability of the mucous membrane, and 
the increased nutrition of the muscular substance which appears conse- 
quent upon it, enable the latter to expel the urine without the assistance 
of the ordinary expulsors. 

77. On the other hand, the sphincters which antagonize the expellent 
action, are usually maintained in a state of moderate contraction, so as to 
afford a constant check to the egress of the contents of the cavities ; and 
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this condition has been fully proved by Dr. M. Hall, to result from their 
connection with the Spinal Cord, ceasing completely when this is inter- 
rupted. But the sphincters are certainly in part controlled by the Will, 
and are made to act in obedience to the warning given by sensation ; and 
this voluntary power is frequently destroyed by injuries of the Brain, 
whilst the Spinal Cord remains able to perform all its own functions, so 
that discharge of the urine and faeces occurs. — In their state of moderate 
excitement, the expulsors and the sphincters may be regarded as balancing 
one anoth^, so far as their reflex action is concerned ; the latter having 
rather the predominance, so as to restrain the operation of the former. 
But, when the quantity or quality of the contents of the cavity gives an 
excessive stimulus to the former, their action predominates, unless the 
Will be put in force to strengthen the resistance of the sphincter ; this we 
are frequently experiencing, sometimes to our great discomfort. On the 
other hand, if the stimulus be deficient, the will must aid the expulsors, 
in order to overcome that resistance which is due to the reflex contraction 
of the sphincters ; of this also we may convince ourselves, when a sense 
of propriety, or a prosi)ective regard to convenience, occasions us to evacuate 
the contents of the rectum or bladder without a natural call to do so. 


Fig. 8. 


4. Of the Changes ivhich the Food undergoes^ during its passage 
along the Alimentary Canal. 

7 8. The obj ect of the Digestive process, as already pointed-out, is to reduce 
the Alimentary matters to a condition in which 
they can be introduced by Absor 2 :)tion into the 
(Circulating system. This reduction is 2 )artly 
effected, as we have seen, by Mechanical means ; 
but it is chiefly due to the Chemical agencies 
which are brouglit to bear upon the ingested 
substances, during their transit through the 
mouth, the stomach, and the upper portion of the 
intestinal tube. The first of these is exerted by 
the Salivary fluid, which is incorjiorated with 
the food in the act of mastication, and of which 
a large quantity descends with it to the stomach. 

For the secretion of this fluid, it will be 
remembered that three pairs of glands of con- 
siderable size are provided ; namely, the pa- 
rotid, the sublingual, and the submaxillary. 

But in addition to these, a very impor- 
tiint part of the fluid is furnished by the 
lingual and palatine glands, and by the 
numerous follicular glands lodged in and 
beneath the buccal mucous membrane. The 
Salivary glands are constructed upon that 
foUicular type, of which a characteristic 
example is presented in the glands of 
Brunner (Fig. 17); their ultimate follicles 
(Fig. 8) are very minute (their average 
diameter being about l-1200th part of an 
inch), and are closely surroimded by a 

plexus of capillary blood-vessels (Fig. 9). Their development commences 



Lobule of Parotid Gland of a 
new-born infant, injected with 
mercury. Magnified 50 diameters. 

Fig. 9. 
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'from a simple canal, sending off bud-like processes, wbich opens from the 
'mouth, and lies amidst a cellular blastema; and as their evolution advances, 
the large parent-cells of this blastema form communications with the gland- 
canal, which is at the same time extending its ramifications, and remain as 
the terminal follicles of these. 

79. Numerous researches have shown, that the characters of the fluids 
poured forth respectively from the three principal glands are by no 
means identical ; and that the buccal mucus has a very important share 
in the operations of that mixed product, which constitutes the ordinary 
Saliva. The specific gravity of this fluid is usually (according to 
Lehmann) from 1004 to lOOO ; but he states that it may rise to 
1008 ”Or 1009, or may sink to 1002, without any indication of coexisting 
disease : according to Jacubowitsch, however, its average specific gravity 
is no higher than 1002*(). These variations aj)pear partly referable to 
the amount of solids and liquids ingested, and to the amount of the secre- 
tion previously poured-out ; but they may be partly attributed to a 
difference in the pro])ortions of the fluids poured into the mouth by the 
several glands which secrete them. The Saliva is found to contain a few 
epithelial scales thrown off by the buccal mucous membrane, and a small 
number of minute corpuscles proceeding chiefly from the lingual and 
tonsiUitic glands, which perform curious spontaneous and Amoeba-like 
movements.* Its reaction is always alkaline in health ; but the degree 
of alkalinity varies, being greatest during and after meals, and least 
after prolonged fasting, when the fluid is almost neutral. The following 
are some of the chiel’ analyses of this fluid that have been made : — 
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♦ Briicke, “ Sitzungsbericht d. Wiener Akad., ” Bd. xlr. 
f T. Simon, “Animal Chemistry,” Syd. Soc. Edit., vol. ii. p. 4. 
t From “ Bonders’ Phys.,” p. 188, 1859. 

§ See “ Canstatt’s Jahresbericht,” 1850, p. 136 j and “ Wagner’s Handworterbuch,” 
Bandiii., Art. ‘Verdauung.’ 

II Inaugural Dissertation, “Be Saliv^,” Dorpati, 1848 ; see also Bidder and Schmidt, 
Bie Verdauungssaefte und der Stoffwechsel,” 1852. 

H “Brit, and For. Med.-Chir. B.ev.” 1860, p. 207^ 
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The substance to which the designation of ptyalin is given, is that on whose* * * § 
presence the peculiar properties of the Saliva appear to depend ; and it! 
seems, as regards its chemical nature, to be an albuminous compound, in 
such a state of change, however, that it acts the part of a ‘ferment,’^ 
Sulphocyanide of Potassium, considered by Bemardf to be only occasionally 
present, and attributed by some to the presence of carious teeth, and by 
others conceived to liave been mistaken for Nicotine, the essential oil of 
Tobacco, has been found by Harley to be a constant constituent of the 
Saliva in persons possessing perfectly sound teeth, and not addicted to 
smoking. Its use may possibly be that suggested by KletzinskyJ to pre- 
vent the formation of j^ngoid spores between, and in the cavities of the 
teeth. In a medico-legal point of view, the existence of a sulphocyanide 
in the saliva has a special importance ; since, if in a state of sufficient con- 
centration, it causes the saliva to exhibit the same blood-red colour, when 
treated with a per-salt of iron, as that which is j)roduced by meconic 
acid. (The difference between the two, however, is easily made apparent, 
by adding a solution of perch loride of mercury ; for this causes the colour 
produced by the sulphocyanide to disap j)ear, whilst it has no action on 
that which is due to the presence of meconic acid.) To determine the 
nature of the differences in the composition and physical characters of the 
secretion of the several salivary glands, Bernard § inserted tubes into 
their ducts, and found, on ])lacing a few droj^s of vinegar on the tongue of 
a dog, that the submaxillary saliva was immediately secreted, speedily fol- 
lowed by that from the parotid, and at a later period by that from the sub- 
lingual. The parotidcan siiliva was clear and watery, containing only 0*47 
per cent of solid residue in the Dog, and 0*76 in the Horse (Lehmann). 
The fluid discharged by the sublingual gland was thick and viscid, 
whilst that of the submaxillary was intermediate in this respect to 
the others. Hence Bernard was led to suggest that the submaxillary 
gland ministers to the sense of taste, whilst the j)arotid is connected with 
mastication, and the sublingual with deglutition. || The Salts, according 
to the analyses of Schmidt, consist chiefly of Chlorides of Potassium and 
Sodium, Phosjdiate of Soda (to which the alkaline reaction of the saliva 

* The following, according to Prof. Lehmann (“ Physiological Chemistry,” Cavendish 
Society’s Ed., vol. ii. p. 15), are the distinctive chemical characters of Ptyalin. — Being 
held in solution by an alkali, the addition of a little acetic acid throws down a flocculent 
precipitate, which readily dissolves in an excess of the acid. When boiled with hydro- 
chlorate of ammonia or sulphate of magnesia, the alkaline solution of ptyalin becomes 
very turbid ; it is precipitated by tannic acid, bichloride of mercury, and basic acetate 
of lead ; but not by alum, sulphate of copper, &c. When pure it is colourless and gela- 
tinous, with a slight acid reaction. The acetic acid solution is strongly precipitated on 
the addition of ferrocyanide of potassium ; and when boiled with nitric acid, it yields a 
yellow solution. By these reactions it is shown that ptyalin closely resembles both 
albumen and casein, without being identical with either of them. 

t “ Le 9 ons,” 1859, t. ii. p. 243. 

t Heller’s Archiv,” 1833, p. 39. 

§ “ I^ 5 ons,” 11, 12, 13, vol. ii. 1859 ; and Lectures, “ Med. Times and Gaz.” 1860. 

II This idea of M. Bernard’s was confirmed by the following experiments. He made 
an opening into the oesophagus of a Horse, from which he drew the alimentary bolus as 
it descended ; and on weighing it, he found that by the imbibition of saliva it had in- 
creased eleven fold. He next tied Wharton’s duct, and found that the animal required 
41 minutes to masticate what had previously required only 9 minutes ; and the mass, 
when withdrawn from the oesophagus, was covered with mucus and a glutinous fluid, 
the interior being dry and friable, and the whole increased in weight only three and a 
half times. — An interesting fact in Comparative Anatomy, which fully confirms the 
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appears to be due), Earthy Phosphates, and Oxide of Iron. Bernard 
has shown that various salts, after their introduction directly or indirectly 
into the Blood, rapidly make their appearance in the saliva ; this is par- 
ticularly the case with Iodide of Potassium, which can often, though not 
always (Harley), be detected in the saliva long before its appearance in the 
urine. The Tartar which collects upon the teeth, and the salivary concre- 
tions which occasionally obstruct the ducts, consist chiefly of the earthy 
phosphates held together by about 20 per cent of animal matter. The fluids 
which are secreted by the three principal glands appear (from the experi- 
ments to be presently cited) to have very different degrees of efficacy, in 
producing that chemical change in the food which it is the peculiar attribute 
of this secretion to exert. — Of the quantity of Saliva which is secreted 
daily, it is impossible to form an exact estimate, since it varies greatly 
with the character of the food ingested, and the frequency with which 
that food is taken ; the secreting process being, indeed, almost suspended 
when the masticating muscles and tongue are completely at rest, unless 
excited by a nervous stimulus. The taste, the sight, or even the idea, of 
savoury food, is sufficient to cause a flow of saliva, especially after a long 
fast : but it is by the masticatory movements that this flow is chiefly 
promoted, so that the amount poured-forth will in a great degree depend 
upon the duration of these movements, — ^this, again, being governed by the 
degree in which the food requires mechanical reduction. It is calculated 
by MM. Bidder and Schmidt, that the average in Man is at about 
pounds daily ; but Harley, with greater probability, estimates it at from 
1 to 2 lbs. The influence of the kind of food upon the quantity secreted 
was well shown by Lassaigne,* who found on abstracting the Bolus of 
food, as it passed down the (Esophagus in Horses, that 100 parts of green 
stalks were mingled with 49 parts of saliva, the same quantity of oats and 
barley with from 113 to 186 parts, and of dry hay with 406 parts of saliva. 
Dr. Dalton, however, did not observe such difference in Man,| since 10 
parts of fresh cooked meat gained 48 per cent, whilst dry wheaten bread 
did not gain more than 55 per cent of its weight after thorough mas- 
tication. 

80. Besides the preparation of the food for the ulterior changes which 
it has to undergo, by promoting its mechanical reduction in the act of 
mastication, and by facilitating the subsequent admixture of other watery 
fluids, and besides the material assistance which it aflbrds to the act of de- 
glutition, the Saliva fulfils other and perhaps still more important purposes. 
Without its solvent action on many of the solid constituents of our food, 
their taste would be either greatly diminished in intensity or altogether 
lost. Moreover, by lubricating the surfiices of the mouth and teeth it 
prevents the adhesion of viscous substances, whilst its presence is of great 
importance in enabling the tongue to perform the rapid movements requi- 
site for distinct articulation, as is clearly indicated by the thick and almost 
unintelligible utterance of those in whom from any cause the mouth and 

results of the above observations, has been brought to light by Prof. Owen ; for 
he ascertained that in the Great Ant-eater (Myrmecophaga jnhata), whose enor- 
mously elongated tongue is kept moist by a large quantity of a peculiarly viscid saliva, 
for the purpose of entrapping its prey, the Parotid gland is of no unusual size, whilst 
the Submaxillary gland extends not only along a great part of the elongated jaws, but 
backwards into the neck. 

♦ C. Eend.” xxi. p. 362. 


t “Human Physiology,” 1861, p. 112. 
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tongue have become dry and parched. Lastly there can be no doubt that 
it has itself a powerful chemical action upon the farinaceous constituents 
of food ; for it has been shown by Mialhe that one part of Ptyalin dis- 
solved in water can effect the conversion of 2000 parts of Starch, first 
into dextrine and then into grape sugar. The rapidity with which this 
takes place under favourable circumstances is very great ; thus Vintsch- 
gau* * * § found that if well boiled, thin starch paste, which had been rendered 
blue by the addition of Iodine were added drop by drop to Saliva at a 
temperature of 98° or 99° F. the colour instantly disappeared ; and 
Dr. Dalton found traces of Sugar in Starch-paste which had been kept 
in the mouth within 30 seconds. This power is not peculiar, however, 
to the Saliva ; for M. Bernard has shown that many azotized substances, 
in a state of incipient decomposition, exert a similar agency : still it 
appears to be possessed by ptyalin in a much greater degree than by any 
of these (save the pancreatic fluid, which resembles saliva in this property), 
the transformation of starch under its influence commencing immediately, 
and continuing energetically until it is entirely effected. Human Saliva 
appears to be more powerful than that of animals ; since not only is the 
secretion of any one of the glands sufficient to effect this conversion, 
(though undoubtedly the energy of the action is materially increased by 
the admixture of the Saliva flowing from all the glands), but the trans- 
forming process is certainly not checked on the passage of the food into 
the stomach, which is probably partly the result of the larger proportion 
of Ptyalin which the Saliva of Man contains as compared with that of the 
Horse or Dog, and partly to the acidity of Human Gastric Juice being much 
less than that secreted by the latter of these animals, f In reference to the 
other constituents of our food, Longet| and Harley believe that the 
mixed Saliva possesses a slight emulsifying poweron oleaginous substances; 
but no satisfactory evidence has yet been obtained that the Saliva has any 
chemical action upon azotized compounds ; consequently, as regards 
these constituents of the food, its operation must be considered as purely 
physical, and we shall find that a different secretion is provided for their 
transformation, which has no action upon farinaceous matter. The 
secretion of the Saliva takes place intermittingly under nervous influence, 
the conditions of which have been very carefufly investigated by Bernard, § 
Eckhard,|| Schiff,^ Adrian, and others, in the dog. The submaxillary and 
sublingual glands are supplied by the chorda tympani and by branches 
of the sympathetic, the different action of which upon the glands, when 
stimulated, is very curious, effecting actually a change in the character of 
the Saliva secreted. If the parts are cleanly dissected out, the glands may 
be seen at rest, secreting little or no saliva, whilst the venous blood return- 
ing from them is of a dark tint. If a drop of vinegar be now placed upon 
the tongue of the animal, the arterial twigs supplying the gland immedi- 
ately enlarge, the rapidity of the current of blood is increased, the veins 
pulsate and convey scarlet blood, and an abundant discharge of limpid 
saliva takes place. These conditions are brought about by a reflex 

* Atti del lastituto Veneto,” t. iv. 1859. 

t See V. Gorup-Besanez, “Physiolog. Chemie,” p. 437 ; Eckhard, Ordenstein, and 
Biervlietin “ Canstatt’s Jahresbericht for 1869, p. 117; 1862, p. 110. 

^ Physiologic,” 1861, p. 176. 

§ Lectures, “Med. Times and Gaz.,” vol. i. 1860, p. 288-861. 

11 “ Beitrage,” band ii. p. 205 ; iii , 1862, p. 41. If “Physiologic,” 1859, p. 393. 
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action transmitted through the sensory branches of the gustatory and 
glossopharyngeal nerves, and through motor nerves contained in the chorda 
tympani and primarily derived from the facial ; for if either of these latter 
nerves be cut, the current of blood becomes slower, its colour in the veins 
black, the secretion of Saliva diminishes, and vinegar placed on the 
tongue no longer excites the secretion ; whilst, if their cut extremities be 
again irritated, all the former phenomena recur. That the secretion does 
not wholly cease after section of the chorda tympani, is believed by 
Bernard* to be due to the reflex action of the submaxillary ganglion, 
as it is entirely stopped when that ganglion is also removed. On 
the other hand, if the sympathetic branches proceeding to these glands 
be irritated, the current of blood becomes very slow, in consequence 
of the contraction of the vessels, its colour in the veins very dark, and the 
secretion of Saliva, whilst it diminishes in quantity, becomes at the same 
time remarkably viscous, and contains, according to Eckliard, a remarkable 
number of the sarcode-like bodies possessing the power of spontaneous 
movement. — In reference to the Parotid glands, Bernard sup 2 ) 0 sed that 
the branch through which the nervous energy was conveyed, ordinarily 
stimulating them to activity, was derived from an anastomosing loop 
between the facial and the auricular branch of the Fifth, irritation of this 
nerve causing a profuse secretion of watery Saliva. Eckhard, however, 
considers that the facial nerve has no influence upon the flow of paro- 
tidean Saliva, and that the motor nerves of this gland are exclusively 
derived from the auriculo-temj)oral nerve. Irritation of the Sympathetic 
does not appear to alter in any way the characters of the secretion, as in 
the case of the submaxillary gland, but simply effects a diminution in its 
quantity. It may be observed, in conclusion, that the Saliva can be excited 
to flow — 1. By direct irritation of the cut extremities of the Chorda 
Tympani nerve of the Facial, of the Fifth, (though the petrosal nerve may 
also have been excited, Schiff), and of the Sympathetic cord in the neck 
(Ludwig). 2. By the reflex action (a) of the submaxillary ganglion, and 
(If) of the brain and spinal cord, excited through impressions conveyed 
by the Glossopharyngeal and gustatory of the Fifth, and taking effect 
through the motor branches of the Facial running in the chorda tympani. 
3. By mental stimuli, as by the sight or thought of siipid food. 4. By 
poisons circulating in the blood, as camphor, woorara, and the salts of mer- 
cury. 5. By the lesion of certain parts of the encephalon, as the floor 
of the fourth ventricle (Bernard). 

81. On its entrance into the Stomach, the food is subjected to the 
operation of the Gastric Juice^ which is secreted by the follicles in its 
walls, or by a certain part of them. This follicular aj)paratus is ex- 
tremely extensive, and makes up the chief part of the thickness of the 
gastric mucous membrane. If this be divided by a section perpendicular 
to the surface (Fig. 10), it is seen to be almost entirely composed of a 
multitude of parallel tubuli closely applied to each other, their caecal 
extremities abutting against the submucous tissue, and their open ends 
being directed towards the cavity of the Stomach. Between the tubuli, 
blood-vessels pass-up from the submucous tissue, and from a vascular 
network on its surface, in the intersj)aces of which the orifices of the 

* ‘‘Bibliothdque Uniyerselle,” 1863, p. 262. Ablation of the submaxillary ganglion 
occasions a continuous instead of an intermittent secretion of Saliva from the submaxUlary 
gland. 
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tubes are seen (Fig. 11). These tubular glands, whose number is esti- 
mated by Sappey at nearly five millions,* however, have not everywhere 
the same structure. In that which may be considered as their most 
characteristic form, and which presents itself over the greater part of the 
area of the membrane, the wide open orifice leads to a pit of no great 

Fia. 10. Fia 11. 




Vertical section of the Mveous Mem- Capillary network of the lininf^ membrane 
hrane of the Stomach, near the pylorus; of the Stomach, with the orifices of gaetric 
magnified 20 times. folhcles, 

depth (Fig. 12, a), lined by cylinder-epithelium resembling that of the 
surface with which it is continuous ; and from the bottom of this pit, two 
or more passages (&, h) branch-oif, still lined by cylinder-epithelium, 
which speedily subdivide into the proper glandular caeca (c, c). Each of 
these caeca, when sufiiciently magnified (Fig. 13), is found to be com- 
j)osed of a delicate basement-membrane (a), infiected over a series of 
nearly globular cells (^>), which occupy almost the whole cavity of the 
tube, and which contain a finely-granular matter ; the narrow passage 
left vacant in the centre, however, is stiU surrounded by a layer of 
e[)jthelial cells (c), whose small size is in striking contrast to the large 
dimensions of the gland-cells. When a transverse section is made through 
a cluster of caeca connected with a single external orifice, they are found 
to be held-together in a bundle (Fig. 14) by the interposition of areolar 
tissue, a thicker layer of which surrounds the whole fasciculus, and iso- 
lates it from others ; whilst between the caeca are observed the orifices 
(a, a) of the divided capillary vessels which pass-up amongst them. — A 
different type of glandular structure frequently presents itself, however, 
especially near the pylorus ; for the superficial orifice leads into a long 
and wide follicle (Fig. 15, a), lined with cylinder-epithelium, and 
branching-out, as it approaches the submucous tissue, into a small num- 

♦ Henle, “ Anatomie,” 1862, p. 169, 
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ber of short follicles {h still lined by an epithelium of the same kind. 


Fig. 12. 



Fig. 13. 

A 




Fig. 12. Peptic gmiric gland ‘—a^ common trunk ; 
its chief branches ; c, c, tenninal caeca with spheroidal 
gland-cells. 

Fig. 13. Portions of one of the caeca more highly magni- 
fied, as seen longitudinally (a), and in transverse sec- 
tion (b) ; — a, basement membrane ; h, large glandular cell j 
c, snaall epitheliam-cclls surrounding the cavity. 


Kblliker* and Goll have clearly shown that we must consider the first of them 
as the instrument of the secretion of gastric fluid, 
while the office of the second is simply to furnish 
mucus for the protection of the membrane. For 
in the Dog and Pig, in which the limitation of the 
two kinds of glands to particular regions of the 
stomach (the former to the great curvature and 
the middle portion, the latter to the pyloric portion) 
is well marked, it has been found that only the 
follicles with globular cells furnish a substance 
possessing a solvent power for protein-compounds, 
the secretion of the follicles lined by cylinder-epithe- 
m . lium being destitute of this property, and agreeing 

through a cluster of gastric With ordinary mucus.j AccordingtoM. Cl. Bernard, 
the stomach is empty, the cylindrical epithelium 
<T, a, orifices of divided capil- which lines them completely blocks-up their orifices, 
so that during fasting these appear as slightly- 
prominent papilla ; but when the secretion of gastric fluid commences^ 

* *‘Mikroskop. Anat.” 1860, p. 321. 

+ The best accounts of the structure of the mucous membrane of the stomach, and 
of the gastric glands, are given by Messrs. Todd and Bowman, Physiological Anatomy,’’ 


Fig. 14. 
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this epithelium is cast-forth by the pressure from beneath.* The 
so-called lenticular or solitary glands are found 
scattered here and there in the substance of the 
mucous membrane, and present a close analogy to 
those found in the small intestine. The interior 
surface of the stomach, thrown by contraction when 
the viscus is empty into irregular folds or rugSB 
(Fig. 16 a), presents throughout the greater part 
of its extent, and especially near the Pylorus, small 
vascular processes or prolongations of the mucous 
membrane (B),f resembling the villi of the small 
intestine, of which they must be considered as the 
rudimentary condition, but differing essentially from 
them in the circumstance that they contain no 
lacteal vessels. The lymphatics of the stomach are 
stated by Teichmann J to form two layers, a super- 
ficial and close network surrounding the csecal 
extremities of the peptic glands, and a deeper layer 
with larger meshes lying in the submucous areolar 
tissue, and separated from the first by the thin 
stratum of involuntary muscular fibre, described 
by Briicke as the muscular layer of the mucous 
membrane, through which many vessels connecting 
the two strata pass. 

82. The nature and composition of the Gastric 
Juice which is secreted and poured-forth by the 
peptic follicles, have been the subjects of much Mu^sgc^rwgland.yti^ 
discussion among Chemists; and though certain trunk; 6,6,it8otecai appen- 
points may be considered as satisfactorily deter- 

mined, there are others which still remain doubtful. — This liquid, 
when obtained without admixture with saliva, is clear, transparent, 


Fig. 16. 



Appearance of the lining membrane of the Stomach, in an injected preparation :—jl, from 
tne convex surface of the rugae :—b, from the neighbourhood of the pylorus, where the orifices 
of the gastric follicles occupy the interspaces of the deepest portions of the vascular network, 

vol. ii. pp. 190 et seq.] by Prof, Kolliker, ‘‘Mikroskopische Anatomie,” bandii. § 163 ; 
by Dr. Brinton, in the Supp. to the “Cyc. Anatomy and Physiology,” and by the same 
writer in the “Med.-Chir. Bev.,” July 1862, p. 189. 

* Gazette Medicale,” Mars, 1844. 

+ This fact was first brought into prominent notice by Dr. Neill, in his Memoir * On 
the Structure of the Mucous Membrane of the Human Stomach,' in the Amer, Journ. 
of Med. Sci.,” Jan. 1851. 
t '‘Das Sangader System,” 1861, p. 76. 
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colourless or slightly yellow, and has very little viscidity. Microscopic 
examination indicates the persistence of a few of the cells exuviated 
from the interior of the gastric follicles; but these for the most 
part leave no other traces than their nuclei and a fine molecular matter 
arising from their disintegration. The proportion of solid matter which 
the Gastric Juice contains, and the proportion which its chief organic 
constituent — the pepsin^ or Agastric ferment’ — bears to the inorganic 
residue, seem to vary greatly in different animals. The following table 
shows the composition of the Gastric Juice as obtained from the best 
analyses in man and some animals : — * 



Afon, 

Dog. C. Schmidt. 




mixed with 



Sheep. 

Horae. 


Saliva. 

Without 

With 

Schmidt. 

Frerichs. 


C. Schmidt. 

saliva. 

saliva. 



Water 

994-40 

973 0 

971*2 

986*15 

982-8 

Solid residue 

6-60 

27-0 

28-8 

13-85 

17-2 

Organic matters ) 

(Ferment: Pepsin) { • * 

8-19 

17*1 

17-3 

4-05 

9-8 

Inorganic matters — 






Chloride of sodium . . , 

1-46 

2*5 

3*1 

4-36 

N 


Chloride of potassium . . 

0-65 

1-1 

1-1 

1-52 



Chloride of calcium . . . 

0-06 

0-6 

1-7 

I 0-11 



Chloride of ammonium . 

— 

0-5 

0-5 

0*47 


7-4 

Free Hydrochloric acid . . 

0-20 

3-1 

2*3 

1*23 


Phosphate of lime ) 


1*7 

2*3 

1-18 



Phosphate of magnesia > . 

0-12 

0*2 

0-3 

0-57 



Phosphate of iron ) 


0*1 

0-1 

0-33 

/ 



83. The most characteristic feature of the Gastric Juice is its decided 
acidity^ which is very perceptible to the taste, and is constant throughout 
the animal kingdom. With regard to the nature of the acid, however, 
there has been much discrepancy of opinion amongst Chemists ; for, 
simple as the problem of its determination might seem, yet it is compli- 
cated by the very peculiar property which lactic acid possesses, of decom- 
posing the alkaline chlorides at a certain elevation of temperature, the 
degree being partly determined by the strength of the solution. Hence, 
supposing lactic acid to be present in the stomach with chloride of sodium, 
the fluid which passes over by distillation will at first be destitute of 
hydrochloric acid ; but, as the liquor becomes more concentrated, and the 
temperature rises, hydrochloric acid will appear. This, it has been alleged 
by Bernard and other Chemists, is the true source of the Hydrochloric 
acid which may be always obtained from the gastric juice by this method; 
and it is affirmed by them that Lactic acid is the real agent in the solvent 
process to which that fluid is subservient, the presence of free lactic acid 
in the stomach having been determined by other means. In like 
manner. Dr. F. G. Smith, j* on examining the contents of the stomach 
of Alexis St. Martin, two-and-a-half hours after a small quantity of 
bread had been eaten, obtained evidence of the presence of lactic, and 
of the absence of all but the slightest trace of hydrochloric acid. On 
the other hand, the great readiness with which hydrochloric acid was 

* V. Gorup-Besanez, “Phys. Ckem.,” 1862, p. 460. 

t ‘‘Experim. upon Digestion,” PMladelpliia, 1856. 
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obtained many years ago by Prof. Dunglison from the pure gastric 
fluid drawn from the stomach of Alexis St. Martin, and the fact that the 
smell of hydrochloric acid might be distinctly recognised in the fresh 
juice,* are strong evidences in favour of the belief that (as originally main- 
tained by Dr. Prout) free hydrochloric acid is present in this fluid, and 
that it is the principal if not the only source of its acidity. And an 
opportunity having been afforded to Dr. Bence Jones, of obtain- 
ing a fluid continually vomited in large quantities from the stomach 
of a patient affected with Sarcina ventriculi, and this fluid, which 
presented all the ostensible characters of Gastric juice, having been 
placed in the hands of Prof. Graham for examination, this distin- 
guished Chemist has succeeded in separating hydrochloric acid from it 
by his method of ‘ liquid diffusion,’ which is not open to the objection 
that applies to distillation ; and although he has found free lactic acid to 
be also present, its quantity is comparatively small, j* It appears, then, to be 
a reasonable conclusion, that whilst hydrochloric acid is originally poured 
forth, and is therefore the acid obtained by those experimenters, who 
have employed mechanical irritation to the empty stomach ; other acids, 
as the lactic, butyric, or even acetic, may.be formed during digestion, and 
may thus have been obtained by those who have examined the contents 
of the stomach only during or towards the close of that process. Allow- 
ance must also be made for differences existing in different animals, 
and perhaps also at different ages, since M. Wasmann has remarked 
that the pepsin of the stomach of the pig is entirely destitute of the 
power to coagulate milk, although the pepsin of the stomach of the calf 
possesses it in a very high degree ; from which he is led to suppose that 
the power of the latter depends upon a particular modification of pepsin, or 
perhaps upon another substance accomi)anying it, which ceases to be formed 
when the young animal is no longer nourished by the milk of its mother. J 

84, The peculiar organic ‘ ferment’ of the Gastric juice, to which the 
name of Pepsin has been given, was first obtained in an isolated state by 
Wasmann ; who has given the following account of the properties and 
reactions of that which he procured from the mucous membrane of the 
stomach of the Pig, which greatly resembles that of Man. When this 
membrane is digested in a large quantity of water at from 85° to 95°, 
many other matters are removed from it besides pepsin ; but if this water 
be poured-off, and the digestion be continued with fresh water in the cold, 
very little but pepsin is then takeii-up. Pepsin appears to be but spar- 
ingly soluble in water ; when its solution is evaporated to dryness, there 
remains a greyish, viscid mass, with the odour of glue, and having the 
appearance of an extract. The solution of this in water is turbid, and 
still possesses a portion of the characteristic power of pepsin, but greatly re- 
duced. When strong alcohol is added to a fresh solution of pepsin, the latter 
is precipitated in white flocks, which maybe collected on a filter, and produce 

* See Prof. Dunglison’s “Human Physiology,” 7th edit, vol i. pp. 635-6. 

+ For his knowledge of this fact, the Author is indebted to Prof. Graham. — That 
Hydrochloric acid is the source of the acidity of the gastric juice has also been maintained 
by Enderlin (“Canstatt’s Jahresbericht,” 1843, p. 149), and recently by Hubbenet 
(“ Disquisitiones de Succo Gastrico,” diss. inaug., Horpat, 1850), by Bidder and Schmidt 
(“ Die Verdauungssaefte und der Stoffwechsel”), and by Gruenewaldt and Sohroeder in 
their Theses just cited. 

J See Prof. Graham’s “ Elements of Chemistry,” pp. 1081-1033. 

G 



82 


OF FOOD, AKD THE DIGESTIVE PROCESS. 


a grey compact mass when dried. Pepsin enters into chemical combination 
with many acids, forming compounds which still redden litmus paper ; 
and it is when thus imited with acetic and muriatic acids, that its solvent 
powers are the greatest. The recent investigations of Briicke * * * § appear to 
prove that pepsin is secreted and stored-up in the cells of the stomach in 
the neutral state, and that it is only at the moment of discharge that it 
becomes mingled with the acid ; the origin of which last, however, he does 
not attempt to explain. He found in the course of his experiments, that 
if the stomach of an animal be thoroughly washed with water till all trace 
of acidity is removed, a fresh portion of pepsin can be obtained on further 
maceration, possessing a perfectly neutral reaction. In his last researches 
he obtained pure pepsin by digesting the finely-divided stomach with 
diluted phosphoric acid, and precipitating with lime water, when the pep- 
sin fell strongly adherent to the phosphate of lime ; it was then dissolved 
in diluted hydrochloric acid, and the solution treated with a solution of 
cholesterine ; the pepsin again fell, adhering to the cholesterine, from 
which it was separated by ether. The pepsin so obtained was certainly 
not an albuminous substance, since it gave no precipitate with nitric acid, 
corrosive sublimate, tannic acid, or iodine; though when mingled with a 
dilute solution of hydrochloric acid, it exerted active solvent powers on 
albumen. These observations, which naturally suggest that the acid 
gastric juice is not secreted as a whole by any one set of glands, but that 
the pepsin and hydrochloric or lactic acid are formed separately, is 
singularly corroborated by an experiment which led Bernard j* to the same 
conclusion, for he injected successively lactate of iron and ferrocy- 
anide of potassium into the jugular vein of a rabbit, and found 
that on account of the alkalinity of the blood and secretions, and of 
the tissues generally, no blue discolouration was anywhere percep- 
tible in them, though on the addition of a drop of sulphuric or other acid 
to any part of the body, Prussian blue discolouration was immediately 
produced. Now, on examining the stomach, the gastric follicles were 
colourless, but the surface of the mucous membrane was uniformly 
discoloured; whence it appears that the acid of the gastric juice is 
formed, or at least excreted, by the most superficial cellular layers of the 
gastric mucous membrane. — The solvent power of the gastric juice is 
diflicult to determine, since it differs with the animal and with the nature 
of the food. The gastric juice of Carnivora is the most active, then that 
of Herbivora, whilst that of Man appears to be comparatively feeble ; and in 
this point, therefore, he appears to be most closely allied to the Herbivora. 
Lehmann and Corvisart estimated that on the average 20 oz. of 
the gastric juice of the dog were required to dissolve 1 oz. of co- 
agulated albumen ; but M. KoopmansJ showed that whilst the strongly 
acid gastric juice of the Carnivora was best adapted for the solution 
of animal albumen, the weakly acid gastric juice of the Herbivora 
was far more efficacious in dissolving vegetable albumen or gluten. In 
complete corroboration of these results are those of M. Briicke, § who ob- 
served the quantity of fibrin which was dissolved in half-an-hour by a 

* “ Beitrage zur Lehre von der Verdauung Sitz.-Bericht der K. Akad d. Wise. Wien,” 

1859, p. 131 et seq, and band xliii. 1861, p. 601. 

t ‘‘ Lemons,” 1859, p. 376-377. t ‘‘Nederland Lancet,” t. v. 1866. 

§ “ Sitzungsbericbt der Wien Akad.,” 1869, p. 181; 1861, p. 601. 
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lolution of pepsin with one-part of hydrochloric acid. He then added to 
successive portions of the pepsin solution 8, 4, 5, 6, 7, 8, 9, 10, 11, 
md 12 parts of hydrochloric acid, and found that to dissolve the same 
juantity of fibrin, 1, 8, 4, 5, 7, 14, 18, 24, 41, and 102 hours were 
espectively required. If still more acid were added, the solution was 
lot completed till after the expiration of eight days or more. Hence it 
ppears that weakly acid gastric juice is the best solvent for fibrin. In 
ther experiments Brucke observed that whilst an artificial gastric juice 
ontaining 0*1 per cent of acid was the most advantageous for the diges- 
ion of fibrin, an acid of double that strength, or 0*2 per cent, was 
►est adapted to effect the rapid solution of coagulated albumen. From 
heae experiments we may draw the conclusion that, in enfeebled condi- 
Lons of the stomach, preparations of gluten should be administered instead 
f the albuminous compounds of animal origin ; and they may serve to 
xplain the advantage resulting from the employment of uncooked meat 

I the wasting diseases of children. 

85. It is only when either alimentary or some other substances capable 
f exciting irritation, are present in the stomach, that the gastric juice 
i poured forth. So long as it is empty, the secretion which moistens 
>8 walls is neutral or even alkaline ; but as soon as food is taken, acid 
j poured forth, and this in increasing quantities, until a certain time 
fter the commencement of the digestive process, when the acidity of the 
;Omach is at its maximum. In proportion as the alimentary matter is 
issolved, however, and is cither at once absorbed, or escapes through 
le pyloric orifice, the acidity of the stomach diminishes ; and as soon 
3 its cavity is emptied, the secretion of its walls is neutral again.* — It is 
ifiicult to give even an approximative estimate of the quantity of fluid 
ms poured forth from the walls of the stomach. Any attempts to deter- 
line it by calculating what would be required to dissolve the whole of 
le albuminous compounds ingested, are very unsatisfactory ; since the 
[)wer of dissolving these is possessed by other fluids, rendering the 
‘cretion of a much smaller amount of gastric juice requisite than would 
.herwise be tlie case. Corvisart, from experiments on dogs,*)* estimates it at 
Dout l-20th of the weight of the animal per diem ; Harley, J at l-15th ; 
ehmann, at 1-lOth; whilst Grunewaldt obtained nearly | lb, avoird. 
om a woman of 116 lbs. weight, with a gastric fistula, in 15 minutes ;§ 
id Schmidt gives as the mean of experiments on the same woman, 580 
*ains hourly, or 80*8 lbs. av. of gastric juice per diem.|| 

86. A very important series of observations on the conditions under 
hich the gastric juice is secreted, was made some years since by Dr. 
eaumont, in the remarkable case of Alexis St. Martin, already several 
tnes referred to.f “ The inner coat of the stomach (as seen through 
e fistulous orifice) in its natural and healthy state, is of a light or pale 
nk colour, varying in its hues, according to its full or empty state. 

* See Ur. Bence Jones, in “Medical Times,” June 14, 1852. 

+ Longet, “Physiologic,” 1861, p. 183, vol. i. 
t “Med.-Chir. Review,” 1860, p. 211. 
g Quoted by M. Edwards, “ Lemons,” t. vii., 1862, p. 24. 

II “ Annal. der Chemie von Liebig und Wohler,” vol. xcii. p. 42. 

See Dr. Beaumont’s “Experiments and Observations on the Gastric Juice and the 
ysiology of Digestion,” reprinted with notes by Dr. Andrew Combe, Edinb., 1838. 
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It is of a soft or velvet-like appearance, and is constantly covered with a 
very thin, transparent viscid mucus, lining the whole interior of the 
organ. By applying aliment or other irritants to the internal coat of 
the stomach, and observing the effect through a magnifying glass, in- 
numerable lucid points, and very fine [nervous or vascular] papillae can 
be seen arising jfrom the villous membrane, and protruding through the 
mucous coat, fi:om which distils a pure, limpid, colourless, slightly viscid 
fluid.” (The papillae here described appear to be the orifices of the 
gastric follicles, which are usually closed by their epithelial cells during 
fasting, and which would seem to become prominent when the vis a tergo 
of the secreted fluid first causes this plug of cells to be cast forth.) “ The 
fluid thus excited is invariably distinctly acid. The mucus of the 
stomach is less fluid, more viscid or albuminous, semi-opaque, sometimes 
a little saltish, and does not possess the slightest character of acidity. 
The gastric fluid never appears to be accumulated in the cavity of the 
stomach while fasting ; and is seldom, if ever, discharged from its proper 
secerning vessels, except when excited by the natural stimulus of aliment, 
mechanical irritation of tubes, or other excitants. When aliment is 
received, the juice is given out in exact proportion to its requirements 
for solution, except when more food has been taken than is necessary for 
the wants of the system.” — The observations of Dr. Beaumont have been 
confinned by those of M. Blondlot* and of M. Cl. Bernard,*!' which were 
made upon Dogs in whose stomachs fistulous openings were maintained 
for a length of time. They found that the flow of gastric fluid is more 
excited by pepper, salt, and soluble stimulants, than it is by mechanical 
irritation ; and that if mechanical irritation be carried beyond certain 
limits, so as to produce pain, the secretion, instead of being more 
abundant, diminishes or ceases entirely ; whilst a ropy mucus is poured 
out instead, and the movements of the stomach are considerably increased. 
The animal at the same time appears ill at ease, is agitated, lias nausea, 
and, if the irritation bo continued, actual vomiting ; and bile has been 
observed to flow into the stomach, and escape by the fistulous opening. 
Similar disorders of the functions of the stomach result from violent 
pain in other parts of the body ; the process of digestion in such cases 
being suspended, and sometimes vomiting excited. When acidulated 
substances, as food rendered acid by the addition of a little vinegar, were 
introduced into the stomach, the quantity of gastric fluid poured-out was 
much smaller, and the digestive process consequently slower, than when 
similar food, rendered alkaline by a weak solution of carbonate of soda, 
was introduced. If, however, instead of a weak solution, carbonate of 
soda in crystal or in powder was introduced into the stomach, a large 
quantity of mucus and bile, instead of gastric fluid, flowed into the 
stomach ; and vomiting and purging very often followed. When very 
cold water, or small pieces of ice, were introduced into the stomach, the 
mucous membrane was at first rendered very pallid ; but soon a kind of 
reaction followed, the membrane became turgid with blood, and a large 
quantity of gastric fluid was secreted. If, however, too much ice was 
employed, the animal appeared ill, and shivered ; and digestion, instead 
of being rendered more active, was retarded. Moderate heat, applied to 

• “ Trait6 Analytique de la Digestion.” 

+ “ Archiv. d’Anat. Gen. et de Physiol.,’* Jan. 1846. 
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the mucous surface of the stomach, appeared to have no particular 
action on digestion ; but a high degree of heat produced most serious 
consequences. Thus the introduction of a little boiling water threw the 
animal at once into a kind of adynamic state, which was followed by 
death in three or four hours ; the mucous membrane of the stomach was 
foimd red tod swollen, whilst an abundant exudation of blackish blood 
had taken place into the cavity of the organ. Similar injurious effects 
resulted, in a greater or less degree, from the introduction of other 
irritants, such as nitrate of silver or ammonia ; the digestive fmictions 
being at once abolished, and the mucous surface of the organ rendered 
highly sensitive. 

87. That the quantity of the Gastric Juice secreted from the walls of 
the stomach depends rather upon the general requirements of the system, 
than upon the quantity of food introduced into the digestive cavity, is a 
principle of the highest practical importance, and cannot be too steadily 
kept in view in Dietetics. A dejitiite proportion only of aliment can be 
perfectly digested in a given quantity of the fluid ; the action of which, 
like otlier chemical operations, ceases after having been exercised on a 
fixed and definite amount of matter. ‘‘When the juice has become 
saturated, it refuses to dissolve more ; and, if an exeess of food has been 
taken, the residue remains in the stomach, or passes into the bowels in a 
crude sbite, and becomes a source of nervous irritation, pain, and disease, 
for a long time.” The unfavourable effect of an undue burthen of food 
upon the Stomach itself, interferes with its healthy action ; and thus the 
quantity really appropriate is not dissolved. The febrile disturbance is 
thus increased ; and the mucous membrane of the stomach exhibits 
evident indiciitions of its morbid condition. The description of these 
indications given by Dr. Beaumont, is peculiarly graphic, as well as 
hygienically important. “ In disease, or partial derangement of the 
healthy function, the mucous membrane presents various and essentially 
different af)pearances. In febrile conditions of the system, occasioned by 
whatever cause, — obstructed persj)iration, undue excitement by stimu- 
lating liquors, overloading the stomach with food, fear, anger, or whatever 
depresses or disturbs the nervous system, — the villous coat becomes some- 
times red and dry, at other times pale and moist, and loses its smooth 
and healthy appearance ; the secretions become vitiated, greatly dimi- 
nished, or even suppressed ; the coat of mucus scarcely perceptible, the 
follicles flat and flaccid, with secretions insufficient to prevent the j)apill8e 
from irritation. There are sometimes found, on the internal coat of the 
stomach, eruptions Of deep-red pimples, not numerous, but distributed 
here and there upon the villous membrane, rising above the surface of the 
mucous coat. These are at first sharp-pointed, and red, but frequently 
become filled with white purulent matter. At other times, irregular, 
circumscribed red patches, varying in size and extent from half an inch 
to an inch and a half in circumference, are found on the internal coat. 
These appear to be the effects of congestion in the minute blood-vessels 
of the stomach. There are also seen at times small aphthous crusts, in 
connection with these red patches. Abrasion of the lining membrane, 
like the roUing-up of the mucous coat into small shreds or strings, leaving 
the papillse bare for an indefinite space, is not an uncommon appearance. 
These diseased appearances, when very shght, do not always affect essen- 
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tially the gaatric apparatus. When considerable, and particularly when 
there are corresponding symptottis of disease,-— as dryness of the mouth, 
thirst, accelerated pulse, &c.— wo gastric juice can he extracted by the 
alimentary stimulus. Drinks are immediately absorbed or otherwise 
disposed-of; but food taken in this condition of the stomach remains 
undigested for twenty-four or forty-eight hours, or more, * increasing 
the derangement of the alimentary canal, and aggravating the general 
symptoms of disease. After excessive eating or drinking, chymification 
is retarded ; and, though the appetite be not always impaired at first, the 
fluids become acrid and sharp, excoriating the edges of the aperture, and 
almost invariably producing aphthous patches and the other indications of 
a diseased state of the internal membrane. Vitiated bile is also foimd 
in the stomach under these circumstances, and flocculi of mucus are more 
abundant than in health. Whenever this morbid condition of the 
stomach occurs, with the usual accompanying symptoms of disease, there 
is generally a corresponding appearance of the tongue. When a healthy 
state of the stomach is restored, the tongue invariably becomes clean.”* 
The Temperature of the Stomach rises with the increase of vascular and 
secretory activity which takes place during digestion. Dr. F. Smith found 
the ordinary temperature of St. Martin’s stomach while fasting to be 
98°-99* Fahr., whilst during digestion it rose to 100°-101° Fahr.f 
88. That the secretion of Gastric Juice is affected in a very marked 
manner by conditions of the Nervous system, is indicated by the effect of 
mental emotions in putting an immediate stop to the digestive process, 
when it is going-on with full vigour. It docs not appear to be exactly 
determined by what channel such influence is conveyed. Experiments 
which have been made upon animals with a view of ascertaining the 
share which the nervous influence conveyed by the Pneumogastrics takes 
in digestion, have, from inattention to important points, led to strangely 
contradictory results in the hands of different exj^erimenters. Bernard, 
with many others, considers that division of these nerves instslntaneously 
checks the elaboration of the gastric fluid, and therefore puts a stop to 
digestion ; and he points to the pallor and flaccidity of the stomach which 
immediately succeed the operation, the slight and sui)erficial digestion 
of the alimentary mass which takes place, and to the additional circum- 

* Dr, A. Combe’s commentary on the above passage is too apposite to be omitted. 
** Many persons who obviously live too freely, protest against the fact, because they feel 
no immediate inconvenience, either from the quantity of food, or the stimulants in which 
they habitually indulge ; or, in other words, because they experience no pain, sickness, 
or headache, — nothing, perhaps, except slight fulness and oppression, which soon go off. 
Obsei-vation extended over a sufficient length of time, however, shows that the conclusion 
drawn is entirely fallacious, and that the real amount of injury is not felt at the moment, 
merely because, for a wise purpose, nature has deprived us of any consciousness of either 
the existence or the state of the stomach during health. In accordance with this. Dr. 
Beaumont’s experiments prove, that extensive erythematic inflammation of the mucous 
coat of the stomach was of frequent occurrence in St. Martin after excesses in eating, 
especially in drinking, even when no marked general symptom was present to 
indicate its existence. Occasionally, febrile beat, nausea, headache, and thirst were 
complained of, but not always. Had St. Martin’s stomach, and its inflamed patches, 
not been visible to the eye, he too might have pleaded that his temporary excesses did 
him no harm ; but, when they presented themselves in such legible characters that Dr. 
Beaumont could not miss seeing them, argument and supposition were at an end, and 
the broad fact could not be denied.” 
f Loc. cit. 
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stance, that in the rabbit there is a sudden change in the reaction of the 
urine from alkaline to acid, the latter being the normal condition in the 
fasting state, and therefore showing that all action on the food must have 
stopped.* He further observes, that on galvanizing the pneumogastrics 
an abundant flow of gastric juice takes place.f Longet, however, J main- 
tains, that division of the pneumogastrics operates rather in paralyzing 
the muscular movements of the stomach than in stopping the secretion 
of the gastric juice; for he states that if a small quantity of 
milk were given to the animal 24 or even 48 hours after the section, 
and when, therefore, there could be no gastric juice remaining in 
the stomach, it was invariably clotted after death, or upon making 
the animal vomit; and small quantities of meat or other food were 
digested readily enough, though large masses were only superficially 
digested, because, the muscular power of the stomach being para- 
lyzed, the food was not properly intermingled with the gastric juice. Dr. 
J ohn Eeid § showed long ago that, in some instances at least, a re-estab- 
lishment of the digestive power manifested itself after an interval of some 
days, if the animals survived the effect of the operation. In the animals 
which died within the first four or five days, no indication of this restora- 
tion could be discovered by Dr. R. ; in those which survived longer, 
great emaciation took place ; but when life was sufficiently prolonged, the 
power of assimilation seemed almost completely restored. This was the 
case in four out of the seventeen dogs experimented-on ; and the evidence 
of this restoration consisted in the recovery of flesh and blood by the 
animals, the vomiting of half-digested food permanently reddening litmus 
paper, the disappearance of a considerable quantity of alimentary matter 
from the intestinal canal, and the existence of chyle in the lacteals. So 
also more recently Budge || states, that after careful division of the vagi 
at the oesophageal opening in rabbits, he observed that the animals ate 
as freely, secreted as good gastric juice, and digested as naturally as 
Wealthy ones; and by careful tenffing he was enabled to keep them 
alive for months. He attributes the serious effects which occur in 
many instances after section of the pneumogastrics in the neck, to 
the injury inflicted on the pulmonary branches, and to the consequent 
disturbance of the respiration, which necessarily affects all the other 
functions. — The observations and experiments of Sedillot and Schiffl[ 
fully corroborate Longet’s conclusion, that the pneumogastrics are 
chiefly the motor nerves of the stomach. It may serve to account 
in some degree for the contrary results obtained by other experi- 
menters, to state that seven out of Dr. R.’s seventeen experiments 
were performed, before he obtained any evidence of digestion after 
the operation, and that the four which furnished this followed one another 
almost in succession ; so that it is easy to understand why those who 
were satisfied with a small number of experiments, should have been led 

* Bernard, ‘‘Lemons,” 1869, vol. ii. p. 81. 

t “Med. T. and Gazette,” vol. ii. 1860. t “Physiologie,” vol. i. p. 236-7, 1861. 

§ “ Edinb. Med. and Surg. Journ.*,” April, 1839 ; and “ Physiological, Anatomical, 
and Pathological Researches,” chap. v. — Dr. Reid’s results have been confirmed as to 
this important particular by Hiibbenet (Op. cit.) and more recently by Bidder and 
Schmidt, “ III. Med. Zeitung,” 1862, heft vui. p. 112. 

II “Physiologie,” p. 176, 1862. ^ “ Physlologie,” p. 421, 1861. 
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to deny it altogether. The inquiries which have been made in reference 
to the action of the sympathetic upon the secretion of the gastric juice, 
are, owing to the difficulties which attend experiments upon this 
point, comparatively few. Bonders* is inclined to think that the 
secretion is in some measure under the control of the sympathetic, 
which is so largely distributed to the stomach, and especially to 
its vessels, and refers to the experiments of Pincus, who endea- 
voured to show that section of the pneumogastrics had little influ- 
ence, unless made at the oesophageal foramen, when the sympathetic 
branches were also divided ; the stoppage of the secretion was then ob- 
served to be complete and perfect. But we have already seen that this 
is not the result of the experiments of Budge, and, indeed, the latter 
observer has extirpated the coeliac and meseraic ganglia, as well as 
divided the pneumogastrics, and still found (with one exception) that 
after the lapse of nine hours the stomach gave an acid reaction ; and 
these results are fully corroborated by Eavitsch, who found that section of 
the vagi at the oesophageal opening, involving section of the sympathetic,']’ 
had little or no influence upon either the secretion of the gastric juice 
or the absorption of the chyme, though the latter may be somewhat pro- 
longed ; and by SchifF, who divided the splanchnic nerves without effect. 
Very recently, also, Adrian J has only obtained negative results as regards 
the gastric secretion after extirpation of the Coeliac Plexus, which he 
aj)pears to have accomplished with great dexterity, as the animals lived 
for months after the operation. Bernard, however, states § that on galva- 
nizing the sympathetic nerves distributed to the stomach, a sudden 
arrest of the secretion occurred. 

89. It must be held as demonstrated by these experiments, then, that 
all the arguments which have been drawn from the effects of lesion of the 
Pneumogastric and Sympathetic nerves upon the functions of the Stomach, 
in favour of the doctrine that Secretion depends vpon Nervous agency 
must be set aside. That these nerves have an important influence on the 
gastric secretion, is evident from the deficiency in its amount soon after 
their section, as well as from other facts. But this is a very different 
proposition from that just alluded-to ; and the difference has been very 
happily illustrated by Br. Eeid. “ The movements of a horse,” he 
observes, “ are independent of the rideV on his back, — in other words, the 
rider does not furnish the conditions necessary for the movements of the 
horse ; — but every one knows how much these movements may be 
influenced by the hand and heel of the rider.” 

90. Our knowledge of the nature of the process of Gastric Digestion 
has been greatly advanced by recent inquiries ; and we are now in a con- 
dition to state with considerable precision what it is, and what it is not, 
the province of the gastric juice to effect. — There can no longer be any 
doubt, that the operation is one essentially of chemical solution ; and that 
the vital attributes of the Stomach are only exercised in the preparation 
of the solvent, and in the performance of those movements which pro- 
mote its action on the alimentary matters submitted to it. The first 
saries of facts which clearly demonstrated this position, were those that 

* *‘Phys.,” 1859, vol. i. p. 229. t “Muller’s Archiv,” 1861, p. 779. 

;J: Bckhard, “Beitrage,” band iii. 1862, § “Med. T. and Gazette,” 1860, vol. ii. 
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resulted from the very pains-tahing observations made by Dr. Beaumont, 
in the case of St. Martin already referred-to. By introducing a tube of 
india-rubber into the empty Stomach, Dr. B. was able to obtain a supply 
of gastric juice whenever he desired it, the tube serving the purpose of 
stimulating the follicles to pour-forth their secretion, and at the same 
time conveying it away ; and with the fluid thus obtained, he was able to 
make various experiments, which showed that the change which it eflfects 
upon alimentary matter, when it is kept at a temperature of 98° or 100°, 
and frequently agitated, is not less complete than that which takes place 
when the same matter is submitted to its operation within the stomach, 
but requires a longer time. This is readily accounted-for when we 
remember, that no ordinary agitation can produce the same effect with 
the curious movements of the stomach ; and that the continual removal, 
from its cavity, of the matter which has been already dissolved, must aid 
the operation of the solvent on the remainder. The following is one out 
of many experiments detailed by Dr. Beaumont. “At 11^ o’clock, a.m., 
after having kept the lad fasting for 17 hours, I introduced a gum-elastic 
tube, and drew off one ounce of pure gastric liquor, unmixed with any 
other matter, except a small proportion of mucus, into a three-ounce vial. 
I then took a solid piece of boiled recently-salted beef, weighing three 
drachms, and put it into the liquor in the vial ; corked the vial tight, 
and placed it in a saucepan filled with water, raised to the temperature 
of 100°, and kept at that point on a nicely -regulated sand-bath. In forty 
minutes, digestion had distinctly commenced over the surface of the meat. 
In fifty minutes, the fluid had become quite opaque and cloudy ; the 
external texture began to separate and become loose. In sixty minutes, 
chyme began to form. At 1 o’clock, p.m., (digestion having progressed 
with the same regularity as in the last half-hour), the cellular texture 
seemed to be entirely destroyed, leaving the muscular fibres loose and 
unconnected, floating about in fine small shreds, very tender and soft. 
At 3 o’clock, the muscular fibres had diminished one-half, since the last 
examination. At 5 o’clock, they were nearly all digested ; a few fibres 
only remaining. At 7 o’clock, the muscular texture was completely 
broken down, and only a few of the small fibres could be seen floating in 
the fluid. At 9 o’clock, every part of the meat was completely digested. 
The gastric juice, when taken from the stomach, was as clear and trans- 
parent as water. The mixture in the vial was now about the colour of 
whey. After standing at rest a few minutes, a fine sediment of the colour 
of the meat subsided to the bottom of the vial. — A piece of beef, exactly 
similar to that placed in the vial, was introduced into the stomach, 
through the aperture, at the same time. At 12 o’clock it was withdrawn, 
and found to be as little affected by digestion as that in the vial ; there 
was little or no difference in their appearance. It was returned to the 
stomach ; and, on the string being drawn out at 1 o’clock, p.m., the meat 
was found to be all completely digested and gone. The effect of the 
gastric juice on the piece of meat suspended in the stomach, was exactly 
similar to that in the vial, only more rapid after the first half-hour, and 
sooner completed. Digestion commenced on, and was confined to, the 
surface entirely in both situations. Agitation accelerated the solution in 
the vial, by removing the coat that was digested on the sur&ce, envelop- 
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ing the remainder of the meat in the gastric fluid, and giving this fluid 
aocess to the undigested portions.”^ Many variations were made in other 
experiments ; some of whdch strikingly displayed the eflects of thorough 
mastication, in aiding both natural and artificial digestion, 

91. The attempt was made by Dr. Beaumont, to determine the rela- 
tive digestibility of diflerent articles of diet, by observing the length of 
time requisite for their solution.f But, as he himself points-out, the 
rapidity of digestion varies so greatly, according to the quantity eaten, 
the nature and amount of the previous exercise, the interval since the 
preceding meal, the state of health, the condition of the mind, and the 
nature of the weather, that a much more extended inquiry would be 
necessary to arrive at results to be depended-on. Some important infer- 
ences of a general character, however, may be drawn from his researches. 
— It seems to be a general rule, that the flesh of wild animals is more 
easy of digestion than that of the domesticated races which approach them 
most nearly. This may, perhaps, be partly attributed to the small 
quantity of fatty matter that is mixed-up with the flesh of the former, 
whilst that of the latter is largely pervaded by it. For it appears from 
Dr. B.’s experiments, that the presence in the stomach of any substance 
which is difficult of digestion, interferes with the solution of food that 
would otherwise be soon reduced. It seems that, on the whole. Beef is 
more speedily reduced than Mutton, and Mutton sooner than either Veal 
or Pork. Fowls are far from possessing the digestibility that is ordinarily 
imputed to them ; but Turkey is, of all kinds of flesh except Venison, 
the most soluble. — Dr. Beaumont’s experiments further show, that hulk 
is as necessary for healthy digestion, as the presence of the nutrient 
principle itself. This fact has been long known by experience to un- 
civilized nations. The Kamschatdales, for example, are in the habit of 
mixing earth or saw-dust with the train-oil on which alone they are 
frequently reduced to live. The Veddahs or wild hunters of Ceylon, on 
the same principle, mingle the pounded fibres of soft and decayed wood 
with the honey on which they feed when meat is not to be had ; and on 
one of them being asked the reason of the practice, he replied, “ I cannot 
teU you, but I know that the belly must be filled.” It is further shown 
by Dr. B., that soups and fluid diet are not more readily chymified than 
solid aliment, and are not alone fit for the support of the system ; and 
this, also, is conformable to the well-known results of experience ; for a 
dyspeptic patient will frequently reject chicken-broth, when he can retain 
solid food or a richer soup. — Dr. Beaumont also ascertained, that moderate 
exercise facilitates digestion, though severe and fatiguing exercise retards 
it. If even moderate exercise be taken immediately after a full meal, 
however, it is probably rather injurious than beneficial ; but if an hour 
be permitted to elapse, or if the quantity of food taken have been small, 
it is of decided benefit. The influence of temperature on the process of 

* Experiments 2 and 3 of First Series. 

+ It is important to bear in mind, that the digestibility of different substances bears 
no relation to their nutrient yalue, which is entirely dependent on their chemical com- 
position. Of course, however nutritious a substance may be, it is valueless as an article 
of diet if it cannot be dissolved ; but, on the other hand, substances which are very 
easily digested (such as farinaceous matters) may have a low nutritive value, through 
containing but a very small proportion of azotized constituents. 
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solution, is remarkably shown in some of Dr. B.’s experiments. He 
found that the gastric juice had scarcely any influence on the food sub- 
mitted to it, when the bottle was exposed to the cold air, instead of being 
kept at a temperature of 100®. He observed on one occasion, that the 
injection of a single gill of water at 50® into the stomach, sufficed to lower 
its temperature upwards of 30°; and that its natural heat was not 
restored for more than half an hour. Hence the practice of eating ice 
after dinner, or even of drinking largely of cold fluids, is very prejudicial 
to digestion. 

92. It is far from being true, however, that (according to the older 
views of its power) the Gastric juice is capable of acting upon all the 
nutritive components of the food. The mistake probably arose from the 
reduction to which these matters are subjected in digestion, the alimentary 
bolus being completely disintegrated, and its particles saturated with the 
fluids of the stomach, so that the whole forms a homogeneous liquid of 
pultaceous consistence, to which the name of chyme is given. This chyme 
will, of course, vary greatly in its composition, according to the propor- 
tion of the different alimentary substances that have entered into the 
composition of the food ; and its appearance, also, is far from uniform, 
being sometimes like gruel, but sometimes more creamy, always, however, 
having a strong acid reaction. — All the more recent and accurate experi- 
ments of those who have studied the chemistry of digestion, lead to the 
conclusion, that the solvent powers of ’the Gastric juice are entirely 
limited to azotized substances; and that it exerts no action whatever, 
upon either starchy, siiccharine, or oleaginous matters.* Although the 
change in the starchy particles, which commences in the mouth, is usually 
continued in the stomach, yet its continuance is entirely dependent upon 
the presence of the salivary fluid ; being completely checked, when, by 
tying the oesophagus, that fluid is prevented from passing into the 
stomach. f Saccharine matters, being readily soluble in water, do not 
require the agency of the gastric fluid for any other purpose than the 
solution of their investments, whereby they are set free ; and it does not 
appear that it exerts any converting power upon them. So, again. Oleagi- 
nous matters are merely liquefied and reduced to a state of fine division, and 
are diffused in a state of suspension through the pulpy chyme. Accord- 
ing to the researches of Meissner and othersj the solution contains two 
new substances, Peptone and Parapeptone, whatever may have been the 
albuminous compound originally introduced into the stomach. Neither 
of these two new compounds, into which the Albumen, Syntonin, Fibrin, 
or Gluten have been divided, are precipitable by heat ; from which it is 

* For although in Dr. Smith’s experiments on Alex. St. Martin {loc. cit.) Glycose was 
found in the contents of the stomach, when bread and water were introduced through 
the fistulous orifice and withdrawn after an hour and a half, the man carefully avoiding 
to swallow his saliva during that period ; its formation may with great probability be 
attributed to the conjoint action of the warmth and moisture of the stomach, and by no 
means proves any converting agency to have been exercised upon it by the gastric juice. 

+ See Frerichs in “Wagner’s Handwdrterbuch,” band iii. Art. * Verdauung.’ 

t See a series of six papers published by Meissner in “ Henle and Pfeuffer’s Zeit- 
schrift.” No. vi., the most recent, is in bandxiv. p. 78. No. v., band xiii. (Berichte), 
p. 265. No. iv. band xii. p. 46. No. iii. band x. p. i. No. ii. band viii., p. 280. 
No. i. band vii., p. 1. For Briicke’s experiments see “ Sitzungsbericht d. K. Akad. e 
Wien,” xxxvii. ; and for Funke’s see “ Arohiv fiir Path. Anat.,” band xiii. p. 449. 
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obvious that a process of chemical transformation, as well as of solution, 
has taken place, — a conclusion which is further corroborated by the expe- 
riments of Bernard, who found that on injecting a solution of albumen 
in very dilute hydrochloric acid into the general circulation, the liquid 
speedily passed off by the renal secretion, whilst after injecting the 
solution of albumen in gastric juice no trace of this could be detected 
in the urine. The two compounds may be separated from one another 
by the simple neutralization of the acid liquid by an alkali, when a small 
quantity of a white flocculent precipitate, insoluble in pure water, but 
slowly dissolved by feebly acid and alkaline fluids, falls, which is termed 
Parapeptone. By far the larger proportion of the albuminous substance, 
however, is converted into Peptone, which is contained in the fluid from 
which the Parapeptone has been precipitated, but is thrown down from 
its solution as a white colourless substance on the addition of alcohol, cor- 
rosive sublimate, or tannic acid. Millon’s reagent,* * * § which imparts a red 
colour to albumen (solid or dissolved) when heated to 140°-202° Fahr. 
reddens it, but gives no precipitate. j* It is remarkable that protracted 
boiling in water, and also exposure to the action of ozone, produce 
metamorphoses on albuminous substances analogous to those cff'ected by 
the act of digestion. — Gelatine and Gelatine-yielding tissues, as the con- 
necting tissue, tendons, ligaments, &c., are reduced, ajccording to 
Metzler, by the action of the gastric juice to a syrupy fluid, J which 
has no power of coagulation, though it gives the ordinary re- 
actions of Gelatine. Its diffusibility, or power of passing through 
animal membranes, is somewhat increased. — Meissner, on the other 
hand, considers it undergoes a change analogous to, though not exactly 
identical with, those experienced by the albuminous compounds in 
the stomach ; and recently Meissner and Kirchner find that Gelatine 
is not necessarily deprived of its coagulability by the action of the 
Gastric Juice. § The action of the gastric juice, therefore, seems to 
stand in the place of a high temperature and a powerful oxidizing agent ; 
but though albuminous substances are converted into j)eptones during 
digestion, yet as no j)eptones are foimd in the fluids of the body, but 
simply albumen, this conversion seems to be only accomplished for the 
purpose of promoting its absorption. For, as Prof. Graham has shown, 
albumen has a very low diffusive power, and a very high endosmotic 
equivalent; and although, when subjected to considerable pressure, its 
solutions wiU filter slowly through animal membranes (thus affording 
a rationale of its occasional appearance in various transudations), yet 
it is obvious that unless some such preliminary change took place, a 

* A solution of mercury in nitric acid (containing a proto and a persalt). 

t Other compounds named metapeptones and dyspeptones, obtained by Meissner from 
casein, syntonin, and other albuminous substances, appear to be only intermediate steps 
in the main process of their decomposition into a larger portion — peptone, soluble in pure 
water, and a smaller portion, parapeptone, insoluble in pure water ; and Meissner 
suggests that the operation of the Pancreatic J uice may be to convert parapeptone into 
peptone, and by thus rendering it soluble, to make it available for the purposes of nutrition. 
See for V. Wittich’s * Expts. on Peptones,’ “Konigsb. Med. Jahrb,,”band iii. 1862, 
p. 196 to 207. 

X Henle and Meissner, “Bericht,” 1860, p. 269. 

§ Henle and Pfeuf. Zeits.,” band xiv. 1862, p. 308. 
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very insufficient supply of this material would gain entrance into the 
blood. 

93. This action of the Gastric solvent upon the azotized constituents 
of the food, is dependent upon several accessory conditions. One of the 
most important of these is temperature. A heat of from 96° to 100° is 
required to keep-up the solvent process, which is retarded according to 
the depression of the thermometer below this standard ; so that at the 
ordinary temperature of the atmosphere it is completely suspended, to be 
renewed, however, with an increment of heat. On the other hand, a 
trifling elevation of temperature above 100° occasions a decomposition in 
the gastric juice, which entirely destroys its solvent power. — The next 
condition, which specially aflects the time required for the process of 
solution, is motion. This does not act mechanically, by way of ^ tritu- 
ration,’ as was once supposed ; for food is found to be digested, when 
enclosed in metallic balls perforated to admit the access of gastric juice 
to their interior. But it answers the purpose of thoroughly subjecting 
the whole of the alimentary bolus to the agency of the gastric solvent, 
by bringing each part successively into contact with the lining membrane 
of the stomach from the surface of which the fluid is effused. — The 
removal of the matters already reduced or dissolved^ also, has a most im- 
portant effect in facilitating the solution of the remainder. This removal 
is due in part to the absorption of the matters in a state of solution, into 
the blood-vessels of the walls of the stomach (§ 107) ; and in part to the 
successive escape of the reduced portions through the pyloric orifice 
(§ 83). — The importance of the previous state of minute division and 
incorporation with aqueous fluids in promoting the action of the gastric 
solvent, has been already dwelt-on (§ 78). 

94. Although the Chyme., or product of gastric digestion, which 
escapes through the pyloric orifice into the duodenum, contains much 
azotized matter in a state of actual solution, a considerable proportion 
of it is still only reduced and mechanically suspended ; and the solution 
of the latter is continued in the intestinal tube. In the farinaceous 
part of the food, moreover, no great amount of change has hitherto been 
effected ; and the sugar which has been generated by the agency of the 
salivary ferment, is probably absorbed into the blood-vessels nearly as 
fast as it is formed. In the condition of the fatty matters, no important 
change is perceptible, except such as results from the solution of the 
membranes, &c., that enclosed them. Hence we see that the process of 
Digestion, so far from being completed in the stomach, has only been 
carried one stage further. Soon after its entrance into the Duodenum, 
the chyme is subjected to the actions of the Bile, the Pancreatic fluid, 
and that secretion from the glandulaa in the walls of tlie intestine itself 
(proceeding chiefly, perhaps, from the glands of Brunner, § 98), which 
is known under the name of the ‘ Succus Entericus.’ — Of these, the 
Pancreatic fluid will be first noticed. The structure of the Pancreas 
closely resembles that of the Salivary glands (§ 90) ; for it consists of 
racemose clusters of secreting follicles, which form the terminations of 
the ramifying divisions of the duct ; each cluster, with its blood-vessels, 
lymphatics, nerves, and connecting tissue, forming a lobule; and the 
separate lobules being held-together by areolar tissue, as well as by the 
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vessels and ducsts. Like the salivary glands, moreover, its development 
commences by a sort of budding-forth of the alimentary canal at a 
particular spot, upon which a mass of cells has previously accumulated. 
The secretion of this gland resembles saliva in its general appearance, 
being clear and colourless, free from smell, alkaline in its reaction, and 
very viscid. Upon the application of heat, or upon the addition of 
any of the stronger mineral acids, it coagulates in a solid mass like the 
white of an egg. Its properties seem to vary according to the period of 
digestion at which it is collected, being at first very tenacious and 
coagulating completely, whilst at a later period it becomes thinner, more 
alkaline, and less perfectly ooagulable by heat its solvent powers upon 
various constituents of the food being, at the same time, less strongly 
marked. The composition of the Pancreatic J nice of the Dog is repre- 
sented in the following Table.* 


In 1000 Parts. 

Prom a i^r- 
manent Pan- 
creatic Fis- 
tula. 

Moan of 3 
Experiments. 

From the Pancreatic 
Duct itself. 

1. 

II. 

Water 

980-45 

900-76 

884-4 

Solid residue 

19-65 

99*24 

116-6 

Pancreatin 

22-71 

90-44 


Salts 

6-84 

8-80 

— 

Soda combined with Pancreatin 

3-31 

0-68 


Chloride of sodium 

2-50 

7*35 


Chloride of potassium 

0-93 

0-02 



Phosphate of lime 

0-07 

0-41 



Phosphate of magnesia with traces of oxide of iron 

0-01 

0*12 



Tribasio phosphate of soda 

0-01 

— 



Lime combined with Pancreatin 

— 

0-32 



Magnesia combined with Pancreatin .... 

0-01 

— 

— 


Leucine, Guanine, and Tyrosine, appear to be constant constituents of the 
substance of the gland, and Leucine has occasionally been found in the 
secretion. The nature of the organic substance which forms so large a 
part of the solid residue of the pancreatic juice, and which is so singukrly 
prone to decomposition, has not been accurately determined. Bernard states 
that it resembles albumen in being precipitated by heat, acids, alcohol, and 
metallic salts, but differs in being thrown down by sulphate of magnesia, and 
by the circumstance, that, after being precipitated by alcohol, it can be 
redissolved in water. The quantity of the secretion which is poured 
forth in 24 hours, has been variously estimated ; and perhaps the differ- 
ences are due, as Bernard has suggested, to the circumstance that when 
the operation for the formation of a pancreatic fistula has been attended 
with much violence, when the gland has become inflamed, and the health 
of the animal has in consequence suffered, the fluid secreted is abnormal, 
and differs both in quantity and in many of its most essential properties 
from the healthy secretion. From these considerations, and from the 

* Gomp-Besanez, “Physiol. Chemie,” 1862, p. 487. 
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probably intermittent character of the secretory act, it is manifest that 
only an approximative estimate of the absolute quantity can be made. Ber- 
nard estimates the quantity secreted per hour in the dog, for every 1 lb. 
weight of the animal, at about 15 grains; Schmidt and Kroger at from 
20 to 35 grains.* * * § A man weighing 160 lbs., at this rate would secrete 15 
or 16 lbs. of pancreatic juice per diem I Bernard describes the gland as 
pale and flaccid during the period of fasting, and as rosy (but not deep 
red, Schifff) some time after food has been taken, when the secretion is 
rapidly poinred forth. The activity of the gland seems to be greatest 
at the middle or towards the close of gastric digestionj, and at the 
period, therefore, of the passage of the contents of the stomach into the 
small intestine. As the organ is of considerable size, is very constant 
amongst the Vertebrata, and uniformly discharges its secretion into the 
duodenum, it is natural to suppose that it must exert an important influ- 
ence in preparing the food for absorption ; and this is fully borne out by 
our knowledge of the serious interference to the due performance of this 
operation, resulting from disease of this organ, and of the extreme in- 
stability of the organic matter contained in its secretion. — From the 
researches of many experimenters, it appears to be well ascertained — 
1. That the pancreatic juice can convert starch into sugar. 2. That it 
can emulsify fat. 3. That it can, to a certain and limited extent, 
dissolve albumen. The saccharifying influence of the pancreatic juice 
upon starch was first observed by Valentin, and may be proved by add- 
ing the healthy secretion obtained by a fistulous opening, or even an 
infusion of the gland- substance, to either crude or boiled starch; for though 
the energy of the action is much greater in the latter case, yet even in 
the former the starch-grains become rapidly altered in form, dis- 
integrate, and dissolve ; grape-sugar being at the same time produced. 
From Schmidt’s experiments it appears, that one part of the secretion 
can convert about four-and-a-half parts of starch into grape-sugar. § 
The necessity which exists for the conversion of starch into sugar, before 
it can be absorbed, renders evident the advantage which attends the 
presence of a gland possessing a similar transforming power to that of 
saliva, at some distance from the mouth, where it may act upon the crude 
starch now softened, swollen, and otherwise affected by the combined 


* See M. Edwards, “ Lemons sur la Physiologie,” 1860, p. 522. Colin obtained about 
10 oz. per hour from a cow of medium size and from a horse, but only 3 drachms 
from a pig. 

t Wagner’s Archiv,” band iii., 1862, p. 271. 

i Weinmann observed in a dog during the first hour after a full meal, 1610 grains 
seci-eted, whilst after a 45 hours’ fast only 7^ grains (*‘ Henle and Pfeuffer’s Zeitschrift,” 
N. F. band iii., p. 247). Kroger obtained 384 grains during the 1st hour, 271 in the 
2nd, 225 in the 3rd, 4th, 5th, and 6th, 176 in the 7th, 8th, and 9th, 165 from the 10th 
to the 14th, and 103 from the 19th to the 24th. Corvisart attributes the secretion to 
a kind of charging of the pancreas with albuminous compounds absorbed during digestion, 
for on the introduction of food, or of the products of gastric digestion below the entrance 
of the pancreatic duct, no increase in the flow of the secretion occurred (“Archiv. G6n. 
de Med.,” i., 1861, p. 633). 

§ In unhealthy conditions it is not unlikely that the same changes may take place, 
as occur when pancreatic juice is allowed to remain long upon starch-paste at a 
moderately high temperature ; these changes being accompanied with the evolution of 
hydrogen, nitrogen, and carbonic acids, indicating the occurrence of the lactic, butyric, 
or even alcoholic fermentation. 
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heat and moisture of the stomach, and which would otherwise escape 
being acted on. The pancreatic juice is not, however, exclusively des- 
tined for this function ; sharing it with the ‘ succus entericus,’ which 
has been shown by Frerichs and HUbennet, and especially in the inter- 
esting case recorded by Busch,* * * § to be also possessed of this converting 
power.f — But secondly, it has been affirmed by M. Cl. Bernard, and 
strong evidence has been adduced by him in support of his statement, 
that the essential purpose of the Pancreatic fluid is to promote the 
absorption of fatty matters, by reducing tliem to the state of an emulsion^ 
which is capable of finding its way into the lacteals. That this fluid 
possesses the emulsifying power in a peculiar degree, may be considered 
as having been fully demonstrated by his experiments ; for on mixing it 
with oil, butter, or any variety of fat, at a temperature sufficiently high 
to render the fatty substance liquid, and then stirring the mixture for a 
few minutes, an emulsion is produced, bearing a strong resemblance to 
chyle. This emulsion does not cease to present its pecidiar aspect, 
although left standing for some time; whereas although bile, saliva, 
gastric juice, blood-serum, and other animal fluids, have a certain emul- 
sifying power, yet after a short time, the oil-particles run together again, 
almost as if they had been merely shaken-up with water. Further, 
it is asserted by Bernard, that in the Rabbit (in which the pancreatic 
duct discharges itself some inches lower down in the intestine than does 
the bile-duct), when fatty matters have been introduced into the alimen- 
tary canal, they undergo no considerable change, imtil they have passed 
the orifice of the pancreatic duct ; an oily emulsion being then for the 
first time found in the intestinal canal, and the opaque whiteness of chyle 
showing itself in the contents of those absorbents only, which originate 
in the intestinal villi below that orifice. So, again, M. Bernard affirms 
that by putting a ligature round the pancreatic duct, the digestion of 
oleaginous matter is so completely prevented, that it is found unchanged 
in the lower part of the intestinal tube, and no opalescent chyle is found 
in the lacteals. This position is further strengthened by the fact ascer- 
tained by clinical observation, J that there is a close relation between disease 
of the pancreas, and the discharge of fatty matters per anum. Frerichs, 
Lehmann, Lenz,§ and others, endeavoured to show that the statements of 
M. Bernard were too exclusive in their character, and that the digestion 
and absorption of fatty matters took place after the pancreatic duct had been 
tied (sufficient time having been given for the evacuation of any pancre- 
atic fluid that might have been in the alimentary canal previously to the 
operation), and even in the lower part of the small intestine, into which 
these substances had been conveyed by injection, after it had been com- 
pletely separated by a ligature from the upper part into which the pan- 
creatic fluid was poured. Bernard replied with great acumen to these 
observers, that after tying the duct they did not in most instances take 
care to ascertain whether a second duct was present or not, a circumstance 

* ‘^Virchow’s Archiv f. path. Anat. und Physiol.,” vol. xiv. p. 140, 

+ See also Canstatt’s Jahresbericht, ” 1862, p. 112. 

t See Dr. Bright’s researches on this point, in Med.-Chir. Trans.,” vol. xviii. ; 
also an Article on Pancreatic Disease and Fatty Discharges, in “ Brit, and For. Med.- 
Ohir. Bev.,” vol. xii. p. 164. 

§ '* De Adipis Concoctione et Absorptione,” Dorpat, 1860. 
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of common occurrence in some animals ; and secondly, that when the 
experiments were in other respects satisfactorily performed, the emulsifi- 
cation of the fats might still have been efPected by the increased activity 
and development of certain glands which he has observed between the 
coats of the duodenum, in immediate proximity to the entrance of the 
duct of the pancreas, and the secretion of which he found to resemble 
very closely that of the pancreas itself. It must be observed, however, 
that B^rard has dissected out these glands, and ascertained that their 
collective weight does not exceed 1 -325th that of the pancreas ; and, 
therefore, the function of that gland can, in the first instance, at least, be 
but imperfectly discharged by them. Colin (of Alfort), moreover, made 
some ingenious experiments, in which he determined the quantity of fat 
contained in the chyle of cows and other animals, both before and 
after ligature of the pancreatic duct, and after extirpation of the 
gland.* He was unable to discover any remarkable difference in 
its composition. Similar experiments were made by Herbst, Schiffi and 
Bonders, from which the conclusion may be fairly drawn, that though 
the pancreatic juice is of considerable importance in the emulsification of 
fatty bodies, yet that its action is not indispensably requisite for their 
absorption; and it is possible, as Frerichs and Hubbenet state, that 
the Succus Entericus may possess an emulsifying power of considerable 
energy, and quite sufficient, in the absence of the pancreatic juice, to 
prepare a due amount of fat to supply the demands of nutrition. In 
Busch’s case, however, already referred to, the digestive action of the 
fluid poured forth by the lower part of the Jejunum and Ileum upon 
fatty bodies introduced into them through the fistulous orifice, was 
exceedingly imperfect. — If the part played by the pancreatic fluid in the 
digestion of fatty bodies is still in some measure doubtful, its capability 
of effecting a solution and metamorphosis of albuminous bodies is still 
more difficult to determine. There appear to be three views in 
respect to this power: 1st, that of Corvisart, Scliiff and Mitchell, j* 
who are of opinion that healthy pancreatic juice, or the infusion 
of a healthy pancreas, or even a solution of the precipitated pancreatine 
in distilled water, possesses a distinctly solvent action on albumen, 
converting it into a peptone-like substance. 2ndly, the view sup- 
ported by Keferstein, Hallwachs, Brinton, Funke and others, that 
though the pancreatic juice is certainly capable of effecting a solution of 
albumen, yet that this action only occurs with the supervention of putre- 
faction. 3rdly, the view entertained by Bernard, which certainly seems 
the most rational, that the solvent power of the pancreatic juice for albu- 
minous substances is only exercised when it is mixed with bile, and then 
only after the preparatory action of the gastric juice. This is substanti- 
ated by the experiments of Skrebitzki and Bidder, which led to the con- 
clusion that the pancreatic juice can, under some circumstances, dissolve 
albumen, converting them without putrefaction into peptone-like bodies. 
But to effect this two important conditions are requisite ; namely, that the 
pancreatic juice should be obtained from an animal that was in the act 
of digesting its food ; and secondly, that the solution should possess a 

* ^‘Compt. Rend.,” 1856, t “ Anier. Journal of Med.,” 1860. 

, H 
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weakly acid reaction.* * * § These observers made infiisions of the fresh pan- 
creas of pigs, and found that they presented an acid reaction, which they 
considered might possibly be due to the acidification of the fatty sub- 
stances unavoidably mingled with the proper juice. Pieces of albumen 
were gradually dissolved at a temp, of 100° Fahr., with the production 
of a strong broth-like odour. Before any action had taken place on the 
cubes of albumen, coagulation occurred on heating the fluid ; but after 
digestion, no precipitation took place, though alcohol and tannic acid 
readily proved the presence of some peptone or similar substance; so that 
the digestive operation had not only acted on the albumen introduced, 
but also on the albuminous substances originally present in the infusion. 
The conclusion which seems naturally to follow from these premises is, 
that the alkaline pancreatic juice, as it issues from the gland, has but 
little action on albuminous compoiuids ; but when it becomes slightly acid, 
either by incipient decomposition or by admixture with the gastric juice, 
it acquires the power of converting albumen, and that insoluble form of 
albumen called parapeptone, into the soluble peptone, and so effecting 
their solution.f In a remarkable and well-observed case of atrophy of 
the liver and pancreas described by Dr. J. A. FMs, a considerable quan- 
tity of fat and undigested muscular fibre was found to pass away in the 
faeces, but after the daily administration of a calf s pancreas nearly aU the 
fat and a great proportion of the muscular tissue disappeared. J 

95. The Duodenum receives not only the Pancreatic, but also the 
Biliary secretion ; and from the constancy with which this fluid is poured 
into the upper part of the intestinal tube, or even into the stomach itself, 
in all animals which have any kind of hepatic apparatus, § it seems a 
legitimate inference that this secretion is not purely excrementitious, but 
serves some important purpose in the digestive process. It is not easy, 
however, to state with precision what this purpose is. The results of 
many of the experiments which have been made to determine it, are 
vitiated by the fact, that the pancreatic duct in most cases discharges 
itself into the intestinal tube at the same point with the hepatic, and 
has thus been frequently involved in operations performed upon it. — As 
the most important constituents of Bile, and the agency of the Liver as 
an assimilating and depurating organ, will be more appropriately con- 
sidered elsewhere (chaps, iv. and ix.), we shall here limit ourselves to the 
consideration of what may be regarded as the best-established facts in 
regard to the uses of the biliary secretion in the digestive process. 

96. When its action is tested out of the body, by mingling it with the 
different constituents of food, it is found to exert a slight action in con- 
verting starch into sugar. || It has no action upon cane-sugar, imtil it has 
stood a considerable length of time ; but then it converts it into lactic 

* Henle and Meissner’s ‘*Bericht,” 1860. 

+ See Henle and Meissners ** Bericht,” 1869, p. 238. Brinton in ** Dublin Quarterly 
Journal,” 1859, p. 194 ; and in “ Medic.-Chir. Rev.,” 1862, vol. ii., p. 203. — v. Gorup- 
Besanez, “Pbys. Chem.” p. 487. Schiff in “Canstatt’s Jahresbericht,” 1862, p. 132. 

f “Bonders’ Arcbiv,” 1862, Bd. iii. pt. ii., p. 187. 

§ See “Princ. of Comp. Phys.,” 4tli Edit., §§ 405—411. — The simplest condition 
of the Liver, such as we meet wiHi in the higher Radiata, and in the lower Articulata 
and Mollusca, consists in a series of follicles lodged in the walls of the stomach and of 
the upper part of the intestinal tube. 

ii V. Gbrup'Besanez, 1862, p« 467« 
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acid. This change it speedily exerts, as do nearly all other animal sub- 
stances, upon pape-sugar. It has no action on albuminous substances, 
even when acidulated. And although it will form an emulsion with 
olea^nous matter, and especially with the fatty acids, yet the emulsifica- 
tion is less complete than that which is effected by the pancreatic fluid 
alone.* * * § But if the action of the Bile is only subsidiary to that of the 
Pancreatic Juice, it is certain that it very materially aids the absorption 
of oleaginous bodies by enabling them to pass more easily through the 
coats of the intestine ; Wistinghausenj- and Hoffman J having shown that 
the force recjuisite to effect the filtration of an oily substance through an 
animal membrane is much less when the membrane is moistened 
with an alkaline fluid, or with bile, than when it is moistened with pure 
water. Bile appears to be deficient in any materials corresponding to 
the peculiar ferments of the saliva, gastric juice, and pancreatic secretion ; 
and hence its office in digestion must be of a different character from 
that of either of those fluids. The nature of this office may be partly 
judged-of, from what takes place when fresh bile is mingled with 
fresh gastric juice : a precipitation of the tauro and glycocholate of soda 
and of the colouring matter of the bile then taking place, the super- 
natant fluid still retaining the acid reaction of the gastric juice. Dr. 
Dalton has, however, shown § that this precipitation does not take place 
with chyme, or the product of gastric digestion, that is to say, with 
gastric juice holding albuminose or peptones in solution ; and therefore 
that the gastric juice and bile are not really antagonistic to each other 
in the digestive process. The admixture of the bile with the chyme seems 
iurther to have the effect of checking destructive chemical changes in its 
composition. For M. Bernard found that when two similar pieces of 
meat had been immersed for three months, one in a bottle of gastric juice 
alone, and the other in a mixture of gastric juice and bile, a strong 
ammoniacal odour resulting from decomposition was emitted from the 
former, whilst the latter was pure and free from any smell whatever. 
And it was remarked by MM, Tiedemann and Gmelin (and also recently 
by Hoffmann), that when the bile was prevented from passing into the 
alimentary canal, the contents of the latter were more foetid than usual. 
Moreover, it is found that the admixture of bile with fermenting sub- 
stances checks the process of fermentation ; and M. Bernard has shown by 
ingeniously-contrived experiments, || that this power is exerted also 
to some extent in the living body. Hence we can understand how the 
reflux of bile into the stomach should seriously interfere with the process 
of gastric digestion ; and how, when there is a deficient secretion of bile, 
or more food is swallowed than the bile provided for it can act-upon, or 
the character of the biliary secretion itself has undergone any serious per- 
version, there should be much more than the normal amount of putrefac- 
tive fermentation, as is indicated by an evolution of flatus, and very 
frequently by diarrhoea. Further, the want of proper neutralization of 
the gastric fluid will cause the continuance of acidity in the contents of 

* Dr. Bence Jones, in the “Medical Times,” July 6, 1851. 

+ “ Endosmotisch Versuche,” dissert, inaug., Dorpat, 1861. 

t “Dberdie Aufnahme von Quecksilber,” 1S54, Wurtzburg. 

§ “Phys.,” 1861, p. 176. 

il ** Amer. Joum. of Med. Sci.,” Oct. 1861, p. 361. 
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the intestmal canal, wliich in its turn induces a state of irritation of its 
mucous membrane, and a perversion of its secretions ; and it is one of the 
beneficial results of ‘ alterative ’ medicines, employed to remedy this con- 
dition, that, by augmenting the secretion of bile, they tend to reproduce a state 
of neutrality in the contents of the alimentary canal. SchifE * * * § and Budgef 
have shown that the bile produces energetic, and indeed almost tetanic spasms 
of the muscles, both voluntary and involuntary, when applied either to 
the tissue itself or to the nerves supplying it. Its importance, therefore, 
in maintaining the peristaltic action of the intestine is probably consider- 
able, whilst by exciting the involuntary muscular fibre-cells of the villi 
it very probably materially aids the movement of the chyle in the lacteals. 
Moreover, the presence of a proper quantity of bile in the intestine seems 
to promote the secreting action of the intestinal glandulsB ; this appears 
from the tendency to constipation which is usually consequent upon 
deficiency of the secretion, and from the diarrhoea which proceeds from 
its excess ; and is confirmed by the purgative properties which inspissated 
ox-gall has been found to possess. 

97. Notwithstanding all its uses, however, it must be admitted that 
the prevention of the discharge of bile into the alimentary canal is not 
attended with the deleterious results which might have been anticipated 
from it; for it has been found by the experiments of Schwann, Blondlot, 
and Bernard, that if the bile-duct be divided, and a tube be inserted in it 
in such a manner as to convey-away the secretion through a fistulous 
orifice in the abdominal parietes, the animals thus treated may live for 
weeks, months, or even years, | although they usually die at last with 
signs of inanition. Of the quantity of bile daily poured into the alimen- 
tary canal of Man, we have no other mode of forming an estimate, than 
by observing the quantity poured-out from the bile- ducts of animals in 
such experiments as those just cited. Nasse and Platner§ obtained from 
a dog 105 grains, and Stackman 108 grains per diem, for every 1 lb. of 
body- weight. On these data a man weighing 154 lbs. should form about 
lbs. of bile daily. Bidder and Schmidt give a somewhat higher esti- 
mate, viz. 56 oz. or lbs., of which they consider about 5 per cent, to 
be solid matter. — It appears from the researches of numerous investigators 
that the rate of secretion is by no means uniform. Arnold|| found that 
it attained its maximum an hour or two after food, Voit^ two hours 
after, KoUiker and Muller between the 6th and 8th hours, and Bidder 
and Schmidt** about 10 or 12 hours after a full meal. — As Dr. Dalton has 
remarked, a distinction should be drawn between the time at which the 
largest quantity of bile is discharged into the intestine, and that at which 
the secretory activity of the liver is at its height. In his own experi- 
ments, which appear to have been conducted with much care, a con- 

* “ Archiv fUr Phys. Heilk.,” t. ix., p. 60. 

t “Physiologie,” p. 195, 1861. 

i At the meeting of the French Academy, June 23, 1851, M. Blondlot gave the 
history, and an account of the po8t>mortem examination, of a dog that had lived five 
years without the passage of any bile into the intestinal tube. 

§ Bedard’s “Physiol.,” 1802, p. 501. 

li “Zur Phys. der dalle,” Mannheim, 1854. 

^ “Phys. Chem. Untersuchungen,” Augsburg, 1857, p. 41. 

♦* Verdauungsskfbe und Stotfwechsel,” §§ 114 — 209, 
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siderable quantity of bile was discharged into the intestine soon after 
feeding, as is shown in the following table — 


Time after 
feeding. 

Quantity of fluid 
in 16 minutes. 

Dry residue of 
the same. 

Quantity of 
biliary matter. 

Proportion of 
biliary matter 
to dry residue. 

Immediately 

640 grains. 

33 grains. 

10 grains. 

.80 

1 Hour 

1990 „ 

105 „ 

4 „ 

.03 


780 „ 

60 „ 

4 ;; 

.07 

6 » 

760 „ 

73 „ 

84 M 

.05 

^ »> 

860 „ 

78 „ 

44 „ 

.06 

12 „ 

825 „ 1 

23 „ 

8| „ 

.16 

16 „ 

847 „ 

18 „ 

4 „ 

.22 

18 „ 





21 „ 

384 „ 

11 .. 

1 » 

.09 

24 „ 

163 „ 

tf 

H „ 

.84 

26 „ 

161 „ 

6 „ 

8 „ 

.60 


The secretion diminishes considerably when food is withheld for some 
time; the quantity poured-out after ten days’ starvation being only about 
one-eighth of what it is when at its maximum. Still it is obvious, that 
although its rate is thus greatly influenced by the stage of the digestive 
process (which is the less to be wondered-at, when it is remembered that 
the secretion is formed from blood that is charged with newly-absorbed 
and imperfectly -assimilated matters), the excrementitious character of 
the secretion requires that its elimination shall be constantly going-on to 
a certain degree ; but a receptacle is provided in Man, as in most others 
among the higher animals whose digestion is performed at intervals, for 
the storing-up of the fluid until it can be usefully employed in that pro- 
cess. The intestinal orifice of the ductus choledochus is closed by a sort 
of sphincter ; and the fluid secreted during the intervals of digestion, not 
being propelled with a force suflicient to dilate this, flows back into the 
gall-bladder, which dilates to receive it. The presence of food, and 
especially of the acid productsf of gastric digestion, in the duodenum 
seems to excite the walls of the gall-bladder and of the biliary ducts 
(which contain a large quantity of non-striated muscular fibre), to a con- 
traction sufficiently powerful to propel their contents into the intestine, 
in spite of the opposition of the sphincter ; but whether this takes place 
through a reflex action of the nervous system, or through the direct 
stimulation of the muscular coat of the duct by the passage of alimentary 
matters over its orifice, we have at present no means of satisfactorily 
determining. It will be recollected that the gall-bladder is usually found 
distended with bile, in cases of death from starvation (§ 59), notwith- 
standing the diminution in the amount actually secreted. Of the bile 
which is poured into the intestinal tube, by far the greater proportion 
seems to be re-absorbed (§ 103). 

* Dalton, “Phys.,” 1861, p. 174.— The dog used for these experiments weighed 
36^ lbs. 

+ Bernard and Kiithe (*' Canstatt’s Jahresbericht,” 1861, p* i^l) found that touching 
the point of entrance of the biliary duct into the intestine with an alkaline fluid had 
little or no effect, whilst brushing it lightly over with an acid solution immediately 
caused a discharge of bile to take place. 
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98. Bejddes the biliary and pancreatic secretions, there is poured into 

the upper part of the Intestinal 
canal a fluid secreted in its own 
walls, which has received the 
designation of Succus Entericus, 

It seems not improbable that 
the secretion of this fluid may 
be the function of the Glands 
of Brunner, which are small 
racemose clusters of follicles 
(Fig. 17), imbedded in the 
walls of the duodenum, extend- 
ing also to the commencement 
of the jejunum. The Intestinal 
juice appears, from the re- 
searches of Bidder andSchmidt,* 
to be a colourless viscid liquid, 
invariably alkaline in its reac- 
tion, and containing from 3 to 
per cent of solid matter. 
The total amount daily secreted in Man is estimated by these experi- 
menters at about 7 oz. ; the rate of its secretion seems to be most rapid 
five or six hours after a meal ; and its quantity is considerably increased 
shortly after the ingestion of fluid, and this without any diminution in the 
proportion of its solid constituents. The properties of this secretion are 
extremely remarkable ; for according to the results obtained by Bidder 
and Schmidt and their pupil Zander (which are now admitted by Leh- 
mann), it exerts a solvent action on albuminous bodies scarcely inferior 
to that of the gastric juice, and a power of converting starch into sugar 
which is scarcely less than that of saliva or pancreatic fluid. — In an ex- 
periment of Frerichs, referred to by Bonders, f a loop of intestine was 
ligatured and reintroduced into the abdomen. After a few hours it was 
found to contain a tenacious alkaline mucus, in which no albumen was 
present, as neither Alcohol, Tannic Acid, nor Metallic Salts occasioned 
any precipitate. Busch, who obtained an analogous fluid directly from 
the human subject in health, found it to contain 5*47 per cent of solid 
residue ; and though small in quantity, it was capable of being consider- 
ably increased by mechanical irritation. 

99. The fluid of the Small Intestines, which is compounded by the 
intermixture of the biliary and pancreatic secretions with the salivary 
and gastric fluids, and with the secretion of the intestinal glandulae, 
appears to possess the very peculiar power of dissolving, or of reducing to 
an absorbable condition, alimentary substances of every class; thus 
possessing more of the character of a universal solvent,’ than either of 
these secretions has in its separate state. It completes the conversion of 
starchy into saccharine matter ; and thus enables the former to supply 
the blood with an important pabulum for the combustive process, which 
is at once absorbed into the blood-vessels. It emulsifies the oleaginous 

« Op. cit., §§ 260 — 282 ; and Lehmann’s Fhysiologischen Chemie,” 2nd Edit., 
band ii., pp. 95—99. 

t «Phys.” 1869, p. 237. 


Fio. 17. 



Portion of one of Brunner* » Oland»t from the 
Homan Duodenum. 
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matter, and thus renders it capable of being introduced into the lacteals. 
And it not only restores to the state of solution those albuminous com- 
pounds which may have been precipitated by the addition of bile to the 
product of gastric digestion; but it also exerts a powerful solvent 
influence upon albuminous substances which have not been submitted to 
the previous agency of the gastric fluid (as has been shown by experi- 
mentally introducing pieces of meat, through a fistulous orifice, directly 
into the duodenum), and it thus completes tlie solvent process which had 
been very far from perfected in the stomach.* In Busch’s interesting 
case, in which the contents of the stomach and duodenum were completely 
prevented by a fistulous opening from entering the small intestine, it was 
clearly determined by accurate chemical analysis of the faeces, as well as 
indicated by the great improvement in the health which resulted from 
introducing food into the lower part of the intestine, that the fluids 
secreted by the jejunum, ileum and large intestine were capable of 
dissolving albumen (though with the evolution of a putrefactive odour, 
probably due to the absence of the bile) and of converting starch into 
sugar. There seemed, however, to be little or no emulsifying power 
exerted on the fats, which were also but very slightly absorbed, the 
greater part reappearing in the faeces. In this case the woman lived for 
six weeks, previous to her coming under the care of M. Busch, upon the 
absorption which had taken place in the stomach and duodenum. A 
great portion of the products of digestion flowed off* by the fistulous 
orifice, and she had become much emaciated. The treatment adopted 
was the reintroduction of this discharged fluid into the lower orifice of 
the fistulous opening, and she rapidly regained her health and strength. 
What is the precise share, however, of the various secretions, in producing 
this composite result, cannot be stated with any degree of certainty. — It 
is obvious that the amount of each kind of alimentary substance that can 
be thus prepared for absorption in a given time, will vary with the 
amount of the secretion by whose agency this preparation is specially 
aff*ected ; and as there are many indications that the quantity of each 
that is taken-up in absorption is limited, and that it bears a relation to 
the wants of the system, it is probable that the amount of the solvent or 
reducing fluid secreted by each glandular apparatus, is regulated (as we 
have seen it to be in the case of the gastric juice (§ 87) by the demand 
set-up by the nutrient operations, rather than by the amount of alimen- 
tary matter that is waiting to be digested. — The processes of digestion 
and conversion are probably continued during the entire transit of the 
alimentary matter along the small intestine, and at tlie same time the 
products of that conversion are gradually being withdrawn by absorbent 
action ; so that, by the time it reaches the caecum, the undigested residue 
contains little else than the innutritions or insoluble components of the 
food, together with the excrementitious portion of the bile and of other 
secretions. Up to this time the contents of the canal appear to possess an 
acid reaction ; for in an old person, with an artificial anus opening into the 
lower part of the ileum, examined by Dr. Braun,’)' the chyme was 

* See the account of M. Cl. Bernardos researches in the ** Amer. Joum. of Med. Sci., 
Oct. 1851, p. 366 ; Zander, “De Succo Enterico,” inang. diss., Dorpat, 1860 ; and 
Frerichs, art. Verdauung^ in ‘‘Wagner’s Handworterbuch,” band iii. 

+ “ Archiv. G6n. de Medecine,” 1861, p. 610. 
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still acid, though the mucous membrane was alkaline to test-paper. 
In the caecum, however, the acidity seems to become stiU more marked, 
at least in the Herbivora, owing to the formation of lactic acid from the 
starchy materials of the food;* but in Carnivora, according to Bernard,f the 
contents of the caecum are alkaline, owing to nitrogenous fermentation. 
That digestion will still take place, though imperfectly, in the large intestine, 
is shown by the observations of Steinhauser if upon a woman who had an 
artificial anus communicating with the large intestine. When food was 
introduced into the lower part of the bowel, it was for the most part dis- 
charged unaltered ; but albumen was to some extent dissolved, either, as 
Blondlot conceives, from the presence of lactic acid, or possibly from that of 
butyric and acetic acids. This fact is of importance, as showing the mode 
in which injections of nutrient substances per anum act in prolonging 
life in cases where the passage of food along the upper part of the 
intestinal tube is interrupted. 

100. The Intestinal tube is furnished, throughout its entire length, 
with innumerable simple open glandulse, the ‘ follicles of Lieberkiihn ; ’ 
these are straight narrow cajca, standing side by side, with very little 
intervening substance (except where the Peyerian bodies lie amongst 
them), and corresponding in length with the thickness of the mucous 
membrane. Their orifices are seen in the interspaces between the villi, 
where they are so closely set-together as to seem like the apertures of a 
sieve ; and they are arranged in rings around the Peyerian glandulae. 
The precise nature of their secretion is unknown ; and it seems 
not improbable that notwithstanding the close resemblance which 
they bear to one another in anatomical characters, there may be some 
variety of function among them. 

101. The undigested residue of the food, mingled with the products of 
secretion that have been poured into the alimentary canal, gradually 
acquires, in the large intestine, the ordinary consistency of FaBces, through 
the continuance of the absorbent process, whereby the superfluous fluid 
is removed. The condition of this residue has been particularly studied 
by Dr. Eawitz and Dr. Marcet.§ By the former observer, muscular fibres 
are stated to be almost entirely dissolved, especially in the flesh of fish and 
hares, though less rapidly in that of poultry and other animals, only a 
few fragments remaining. Dr. Marcet, however, found muscular fibres, 
exhibiting clearly their well-marked structure, almost constantly present 
and in considerable quantities ; and he is inclined to believe that when 
meat is daily taken, only the juices are extracted, the fibres themselves 
undergoing but little digestive action. The cells of cartilage and fibro- 
cartilage, the fibres of elastic tissue, || and fatty matter, are frequently 

* Blondlot, Traite analytique de la Digestion,” p. 103. 

+ “Liquids of the Organism,” p. 39, 1869. 

i Quoted in Milne- Ed wards, vol. vii. p. 136, 1862. 

§ “Med. Times and Gaz.,” July 81, 1868. 

II It has been pointed- out to the Author by his friend Mr. Quekett, that elastic fibres 
are occasionally to be met- with in the Human faeces, which present an appearance of 
transverse division (probably resulting from incipient decomposition) closely resembling 
that which is normal in the ligamentum nuchse of the Gii*afife. So distinct, indeed, does 
the transverse division then become, that these fibres, when peculiarly abundant (as 
they are in the fmces of persons who have for some time been living upon mutton-chops, 
and have not put aside the segment of the aorta which each chop includes), have 
actually been mistaken for a Confervoid growth in the feeces. 
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found unchanged in the faeces ; and crystals of cholesterin may usually be 
obtained, especially after the use of pork-fat — “As regards vegetable sub- 
stances, Dr. Kawitz states that he frequently found large quantities of cell- 
membranes unchanged in the faeces ; also starch-cells (which were rarely 
seen by Dr. Marcet), deprived of only part of their contents. The green 
colourmg principle, chlorophyll, was usually unchanged The walls of 
the sap- vessels and spiral vessels were quite unaltered by the digestive 
fluid, and were usually found m large quantities in the faeces ; their con- 
tents, probably, were removed — Besides the undigested residue of the 

food, the microscope enables us to recognize the brown colouring-matter 
of the bile, epithelium-cells and mucus-corpuscles, and various saline 
particles, especially those of the ammoniaco-magnesian phosphate,f whose 
crystals are well-defined ; most of which are derived from the secretions 
— The quantity of faecal discharge which is daily passed by an adult 
seems to vary from 2 to 10 oz Dr Edward Smith found the average 
weight in prisoners at the Coldbath Fields Prison to be 8 55 oz 
These men were fed upon a full dietary with brown bread, and the pro- 
portion of the faeces to the solid food was as 1 : 4 5 Severe labour 
on the treadmill was found to diminish the quantity of faeces, whilst the 
rest of Sunday occasioned a considerable increase The proportion of 
water was very uniform, viz 73 5 per cent; and an average of 41 8 
grains of nitrogen was daily eliminated from the system by this 
channel f Of the dry fasces, from 23 to 31 5 per cent (the proportion being 
highest when an abundant moat diet has been consumed) consists of an 
Inorganic ash ; the composition of which is stated by Enderhn§ to be as 
follows : — 


Alkaline chlondes and sulphates .... 1 S67 ) ^ ^^ter 

Bibasic phosphate of soda . . . . • z 066 ) 

Phosphates of hme and magnesia ... 80 372 

Phosphate of iron , . . . . . 2 090 

Sulphate of lime . . ... 4 530 

Sihca .... 7 940 

The potash generally predominates greatly over the soda, but especially 
when the diet has chiefly consisted of muscular flesh The reaction of the 
Fseces is usually acid, but sometimes neutral or alkaline The study of the 
composition of the Organic portion of the Faaces is attended with so much 
difficulty and unpleasantness, that it has hitherto been scarcely prosecuted 
systematically. According to the recent inquiries of Dr Marcet, || healthy 
Human excrements contain, — 1. A peculiar substance ciystalhzing m 
acicular, silky, four-sided prisms usually grouped into stellse, not sub- 
ject to spontaneous decomposition, possessing feeble affinities, fusmg at 


\ Insoluble in water. 


* Quoted from Dr. Kirhes’ Physiology ” See also the Memoir of Dr. J^witz, 
‘‘ t)ber die Einfachen Nahrungsmittel,” Breslau, 1846 , and the Analysis of Wehs^g 
and Ihring’s Inaugural Theses m “ Brit and For Med Chir Review, vol xiv p 628 
t Crystals of this salt sometimes occur m perfectly normal faeces , and m those cases 
in which the secreted fluids and the contents of the intestine readily undergo decom- 
position, as in typhus, cholera, and certain forms of dysentery, they are found in large 


numbers and of considerable size » t*a i o 

i Smith and Milner, ‘Rep on the Influence of Pris Discip Byd boc 


Year-Book,” 


1861, p 83. 

§ “Ann. der Chem und Pharm ,” 1844. 


Porter m do , t Ixxi , and Fleischmann m 


“Poggendorflfs Annalen,” 1849. nuir u-io 

11 “ Proceedings of the Royal Society,” June 16, 1854, and March 12j 


1857. 
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about 203® P., containing Sulphur, and having a composition expressed 
by the formula ; this he proposes to call Excretine. 

2. Stearic and Margaric Acids in combination with bases. 3. A colour- 
ing matter similar to that of blood and urine. 4. Pancreatine or an 
analogous form of albumen. 5. An acid olive-coloured substance of a 
fetty nature, termed Excretolic acid, which is probably united in faeces 
with Excretine or a basic substance closely allied to it. Neither butyric 
nor lactic acid could be discovered in healthy Human excrement; 
although the former presents itself in the excrements of Carnivorous 
Mammalia, which contain also a substance allied in its nature to excretine, 
but not identical with it. 

102. Planer* has recently examined the Gases developed in the 
alimentary canal of Doga after different kinds of food, and in Man 
after death. The gas contained in the stomach consists chiefly of 
air swallowed with the food, and was usually small in quantity. 
The Oxygen soon disappeared. In the small intestines. Carbonic 
Acid and Hydrogen are developed in nearly equal proportion, whether 
the diet be Animal or Vegetable. The experiments of Pasteurf 
afford some explanation of their appearance, at least in Herbivora, 
by showing that with the development of numerous infusory animal- 
culae in the intestines, Starch and Sugar are converted into Lactic and 
Butyric Acids, and that with the development of the latter there is an 
evolution of Carbonic Acid and Hydrogen : thus — one equivalent of Sugar 
CjjHjjOjj = (CgHyOg) HO + iCOg + ^H. In the large intestine Carbonic 
Acid is chiefly present, but is mingled with Sulphuretted Hydrogen (after 
Animal diet), and if the food have been long retained in the body, with 
Carburetted Hydrogen (C^H^). It is more than doubtful whether Gases 
can be disengaged from the blood, and excreted or secreted into the 
intestines, as Magendie supposed; but there seems no reason to doubt 
that if gas were already developed, exchange, according to the ordinary 
laws of diffusion, might take place between it and the gases of the blood. 
In a dog which had been fed for 6 days on pure Animal diet, and was 
killed 5 hours after a meal, he found — 


COj. 

In the Stomach 25*20 

Small Intestine. 40*1 

Large Intestine . 74*19 

In another dog fed with Bread for 
for analysis in the small intestine ; 

CO-. I 0. 
38*78 Traces 


0. 

N. 

H. 

SH. 

6*12 

68*68 



Traces 

45*52 

13*86 


0*63 

23 

1*41 

0-77 


8 days, there was only sufficient gas 
it consisted of — 


. j:x. 

54*2 6*33 


RugeJ has carefully examined the Gases of the large intestine in the 
Human subject after different kinds of food, and finds their composition 
tolerably constant, — Nitrogen Gas preponderating after the use of flesh. 


* Henle and Meissner’s ^‘Bericht fiir 1860,” p. 274. 

+ “Annalesde Chimie,” 1858, p. 404 et seq, ; “Comptes Rendus de l’Acad5mie 
des Sciences,” 1860, p. 849. 

X **Beitrage zur Kenntniss der Darm Gbse Sitznngsbericht d. k. Akad. d. Wissen- 
sohafben” (Wien), 1862, p. 729. 
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Hydrogen after milk, and Carburetted Hydrogen after Vegetable (Legumi- 
nous) diet. Though the gases were sometimes offensive, they never gave 
more than a trace of Sulphuretted Hydrogen. The following table includes 
his chief results : — 


Composition of the Gases of the large Intestine after the use 


Of Milk, for 

Of Vegetables (Leguminous), for 

Of Animal Diet, for 

2 " 

1 i 

2 2 

A 

« 94 

^ 

CO, 16-82 9-06 

N 88-88 36-71 

Cn 0-92 0-00 

H 43-88 64-22 

• • • OD 9 

CO QQ a S p Q 

i 1 i 'S-sBal 

s e s ^ I 1 

34*00 38-40 21-05 3?43 17-6 

19*11 10-67 18-96 21-78 32-2 

44*65 49*36 65*96 42*79 60*2 

2-34 1*67 4*03 0*00 0*0 

i i i 

s ^ g 

13-62 12-46 8*46 

45*96 67-86 64*41 
37*41 27-58 26*46 
3*01 2*09 0*69 


103. Of the degrees in which the Bile, as a whole, normally enters into 
the composition of the faeces, it is difficult to speak with precision. Its 
principal constituents can be easily recognized in the upper part of the 
small intestine ; but the further we descend in the intestinal canal, the 
less of them do we meet- with ; and in the contents of the large intestine, 
and in the evacuated faeces, they are seldom to be discovered. How far 
this result depends upon their removal from the alimentary canal by re- 
absorption, and how far upon the loss of their characteristic properties by 
decomposition, cannot be stated with certainty. That the colouring- 
matter of the faeces is in great part derived from the bile, is shown by their 
paleness when that secretion is not duly poured into the intestinal tube. 
And it is probable that the peculiar fatty substances just described, are 
products of the metamorphosis of its oleaginous and resinous matters. 
The similarity which has been found to exist between the odour of certain 
components of putrefying bile, and that of faeces, has led Prof. Valentin 
to suppose that the matter which gives to the latter their characteristic 
smell, is entirely derived from decomposing bile. We shall presently see, 
however, that other sources of this matter probably exist (§ 104) ; and 
the recent researches of Bidder and Schmidt upon the amount of sulphur 
in the faeces, appear to show that not above one-eighth of the solid matter 
of the bile is normally excreted under this form. The indications of the 
presence of bile are more distinct, however, when the faeces have remained 
for only a short time in the large intestine, and when there has con- 
sequently been less time for its re-absorption. In faecal discharges 
which result from the action of mercurials, large quantities of biliary 
matter may be detected, very little changed. 

104. Although it cannot be stated with certainty, what is the precise 
portion of the Glandular apparatus connected with the Intestinal canal, 
which is concerned in the elimination of that peculiarly putrescent 
matter which gives to the faeces their characteristic odour, yet it may be 
stated almost with certainty, that this matter is not derived from the 
decomposition of the undigested residue of the food. For, in the first 
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place, tHs residue consists of matters whose very inaptitude for under- 
going chemical change is the source of their indigestibility : and it is 
scarcely possible, therefore, to imagine that in so short a period they 
should acquire a character so peculiarly oifensive. But further, we 
observe that fsecal matter is still discharged, even in considerable quan- 
tities, long after the intestinal tube has been completely emptied of its 
alimentary contents. We see this in the course of many diseases, when 
food is not taken for several days, during which time the bowels have 
been completely emptied of their previous contents by repeated evacu- 
ations. *Bometimes a copious flux of putrescent matter continues to take 
place spontaneously ; whilst it is often produced by the agency of purga- 
tive medicine. The colliquative diarrhoea,’’ which frequently comes- on 
at the close of exhausting diseases, and which usually precedes death by 
starvation, appears to depend, not so much upon a disordered state of 
the secreting organs themselves, as upon the general disintegration of 
the solids of the body, which calls them into extraordinary activity for 
the purpose of separating the decomposing matter which has accumulated 
in it to a most unusual amount (§ 60). — These views (which have long 
been taught by the Author) derive a remarkable confirmation from the 
experiments of Prof. Liebig on the production of artificial fascal matter. 
For he has ascertained that if albuminous or gelatinous compounds be 
heated with solid hydrate of potash, and the heat be continued until the 
greater part or the whole of the nitrogen has been dissipated as ammonia, 
and hydrogen begins to be given-off, the residue, when supersaturated 
with dilute sulphuric acid, and distilled, yields a liquid containing acetic 
and butyric acids, and possessing in a very intense degree the peculiar and 
characteristic odour of human ffeces. The odour varies according to the 
substance employed ; and in this way all varieties of fsecal smell may be 
obtained. As the action of caustic potash at a high temperature is 
simply a limited or incomplete oxidation or combustion, this curious 
result confirms the view which had been previously put-forth by Prof. 
Liebig, that the proper faecal matter is the product of the imperfect 
oxidation which a portion of the histogenetic constituents of the food 
undergo in the course of their retrograde metamorphosis, being com- 
parable to the soot or lamp-black of a furnace or lamp. It is further 
urged by him, that the condition of faeces differs in many particulars 
from that of substances in a state of fermentation or putrefaction ; that 
their peculiar odour is entirely tmlike any that is generated by the 
ordinary decomposition of organic compounds, whether azotized or non- 
azotized ; and that, by contact with air, they themselves undergo a sort 
of fermentation or putrefaction, in which their peculiar fcctor disappears, 
— a fret, as he justly remarks, which is full of significance.* This view 
is of great practical importance ; for if it be true that the intestinal 
canal receives and discharges the products of the secreting action of a 
glandular apparatus, whose special function is the elimination of certain 
products of decomposition from the blood, the facility with which we 
can stimulate this to increased action by certain kinds of purgative 
medicine, gives us a most valuable means of augmenting its depurative 
action. Seeing, as no observant Medical Practitioner can avoid doing, 
how frequently Nature herself employs this means of eliminating morbific 


See Prof. Liebig’s “Animal Chemistry,” 3rd edit. pp. 148 — 164. 
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matter from the system, — as is shown by the immense relief often given 
by an attack of diarrhoea, — we may look upon this apparatus as one 
which, like the Liver, the Kidney, or the Skin, may frequently with 
propriety be stimulated by medicines that have a special action upon 
it, and one through which some morbific matters may be got rid of more 
certainly and more speedily than through any other channel. — It is not 
intended by these observations to encourage the system of violent and 
indiscriminate purgation; but to show that purgatives, judiciously 
administered, often constitute our best means of eliminating injurious 
matters from the system. ^ 


CHAPTER IV. 

OF ABSORPTION AND SANGUIFICATION. 

1. Of Absorption from the Digestive Cavity. 

105. So long as the Alimentary matter remains in the Digestive cavity, 
however perfect may be its state of preparation, it is as far from being 
conducive to the nutrition of the system, as if it were in contact with the 
external surface. It is only when absorbed into the vessels, and carried 
by the circulating current through the very substance of the body, that it 
becomes capable of being appropriated by its various tissues and organs. 
In Man, as in nearly all Vertebrated animals, a set of vessels is interj)osed 
between the walls of the intestine and the sanguiferous system ; for the 
purpose, as it would seem, of taking-up certain components of the nutri- 
tive matter, of which part at least are not in a state of perfect solution, 
and of preparing them for being introduced into the current of the blood. 
These are the Absorbents of the intestinal walls ; of which those that are 
found, after the performance of the digestive process, to contain the white 
opalescent fluid known as ‘ chyle,’ are distinguished as lacteals ; wliile the 
remainder, like the absorbents of the system generally, are known as 
lymphatics. The distinction is a purely artificial one ; for the ‘ lacteals ’ 
are the ‘ lymphatics ’ of those parts of the intestinal walls which they 
supply, as is shown by the fact that, during the intervals of the digestive 
process, they contain a transparent fluid in aU respects similar to the 
* lymph ’ of other parts. — The Absorbents form a minute plexus beneath 
the mucous lining of the alimentary canal along its whole extent ; but in 
the small intestine they enter the villi, at the extremities of which, indeed, 
they may be said to commence. Those only are entitled to the designa- 
tion of ‘ lacteals,’ which originate from the intestinal canal below the point 
at which the biliary and pancreatic ducts pour their contents into it ; for 
above that point, the fatty constituents of the alimentary matter are not 
in a state of sufficiently fine division to enter them ; and the absorbed 
fluid is consequently pellucid, instead of possessing the milky aspect. 
Thus, then, we are to consider the lacteal portion of the Absorbent 
system to be that part of it which is specially adapted, by its prolongation 
into the villi, for the reception of an Oleaginous fluid ; which we shall 
presently see to be taken-up from the contents of the alimentary canal, 
and to be prepared for entrance into the absorbents, by the epithelium- 
cells at the radical extremities of those organs (§ 106). 



110 


* OP ABSORPTION AND SANOUIFICATION. 


106, The Villi are extensions of the mucous lining of the Intestinal 
canal, which thickly beset its surface from the pyloric orifice to the 
cascum, that is, through the entire length of the 
Small Intestine, to which they are limited 
in Man. They have usually somewhat the 
form of the finger of a glove, being sometimes 
nearly cylindrical, sometimes rather conical, 
whilst they not unfrequently become flattened 
and extended at the base, so that two or more 
coalesce. Their length varies from l-4th to 
l-3rd of a line, or even more ; and the broad 
flattened kinds are about l-6th to l-8th of a 
line in breadth. — In the upper part of the 
small intestine, where they are most numerous, 
it has been calculated by Krause that there are 
not less than from 50 to 90 in a square line ; and 
in the lower part, from 40 to 70 in the same area. 
— The details of their structure are of extreme 
interest in reference to the mechanism ofabsorp- 

^the^ capiRwy^Mu^Sected^^'* pursued by Teichmann, that 

of injection, be adopted, the appearances pre- 
sented are those shown in Fig. 19, 20, and 21, taken from the beautiful 
plates which accompany his work on the Lymphatic System.* From these 

Fig. 10. 




A. Villi of Man, showing the blood-vessels and the laoteals. 

B, Villus of a Sheep. 


* Ludwig Teichmann, “Daa Saugader System,” Leipzig, 1861. 
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Perpendicular gectlon through one of Peyer's patches m the lower part ol the ileum of the bheep 
a. Lacteal yessels m the villi. b The superficial layer of the lacteal vessels (rete angustum) c The 
deep layer of the lacteals (rete amplum) d Efferent vessels, provided with valves, e. Lieberkuhn's 
glands f Peyer’s glands, g Circular muscular layer of the wall of the mtestme. h. Longitudmal 
muscular layer, t. Peritoneal layer. 

Fig. 21. 



A Mrpendioular section through the wall of the Processus Venniformis (Man) o. Lieberkuhniun 
glands, b Solitary follicle, e. Lacteal vessels, surroundmg but not penetrating the follicle, 
are seen the larger efferent vessels, provided with valves. 
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it appears that the lacteals commence either by a simple closed extremity, 
or by a loop, though in broad villi a network is sometimes visible. The 
tube or tubes occupying the centre of the villus appear to possess perfectly 
definite walls, and are larger than the numerous capillary blood-vessels 
which surround and are external to them. Their average diameter is 
about 1 -800th or 1-1 000th of an inch ; but they present here and 
there slight dilatations and contractions, and at tlie base of the villus 
terminate in a network of lacteal vessels immediately subjacent to the 
LieberkUhnian follicles (Fig. 20 b)y termed by Teichmann, fi-om the 
closeness of the meshes, the Bete angustum. This plexus communicates 
with another possessing larger vessels, which are supplied with valves, 
are more deeply situated in the submucous areolar tissue (Fig. 20 c), 
and constitute die so-called Rete amplum. Besides the central lacteal, the 
villus is composed of a matrix of areolar tissue,* without any intermix- 
ture of elastic fibres, containing in its interstices numerous branched and 
communicating cells with nuclei, and frequently also fat-granules in their 
interior. No nervous elements have been traced into the villi ; but a 
layer of muscular fibre-cells has been shown by Kolliker and others to 
surround the lacteal tubes, the contraction of which has been frequently 
observed whilst absorption is going on, and has an important influence 
on the propulsion of the fluids contained within those vessels. 

107. When the Villi are examined at such a period after a meal con- 
taining oleaginous matters as has sufficed for its partial digestion, their 
lacteals are seen to be turgid with chyle, the extremity “of each being im- 
bedded in a collection of globules presenting an opalescent appearance, and 
giving to the end of the villus a somewhat mulberry-like form. It was sup- 
posed by Prof. Goodsir,f by whom this appearance was first observed, that 
these globules were cells developed within the basement-membrane during 
the act of absorption, from what he considered to be granular germs 
visible in the same situation during the intervals of the process ; but there 
can now be little doubt that the appearance in question is really due to the 
distension of the cylindrical epithelial cells investing the villi with the 
lacteal fluid ; and as it is a matter of much interest to examine and explain 
the mode in which absorption in tliis, its first stage, is effected, the 
attention of many observers has been directed to the structure of these 
cylindrical investing epithelial cells; and if the observations of Heiden- 
hain and Briicke be correct, oim knowledge of the mode of absorption of 
various substances, and especially of those of an oleaginous nature, will be 
materially simplified. According to these investigations, J the investing cells 
of the villi (c, Fig. 22) are of cylindrical form, with a ciliated border, and 
are filled with a clear sarcode containing a bright nucleus. The cilia stand 
erect during life, but quickly disappear after death, being replaced by a glo- 
bular swelling projecting from flie mouth of the cell, occasioned by the 
imbibition of water. The wide and free extremity of these cells is sup- 
posed by some (Briicke) to be almost or completely patent, or closed 
only by a plug of sarcode-Hke substance, whilst Fimke § and others 

* Kolliker, “ Manual of Hum. Histology,” p. 826. 

f “Bdin. New Phil. Joum.,” July 1842, and ‘‘Anatom, and Pathol. Observ.,” 

p. 6—10. 

t See Heidenhain in “ Moleschott’s Untersuchungen,” bandiv. 1868, p. 261 ; and 
Briicke in band viii. 1862, p. 496 ; and in “ Denkschrift. d. k. Akad. d. Wiss. zu 
Wien,” band vi. p. 106. § “ Physiologic,” 1863, p. 366. 
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Fig. 22. 


consider to be covered by a delicate septum perforated like a colander 
with extremely fine canals or pores. The small and attached extremities 
of these cells are believed to be prolonged into the interior of the villi 
becoming continuous with the caudate processes ’ 

of the corpuscles of the connective tissue (d) 
which constitutes the matrix, and which again 
open, as shown in Fig. 22, into the lacteal vessel 
(c), thus affording a direct means of entrance for 
the fatty matters into the absorbent system, 
and explaining the occasional introduction of 
solid particles into the circulating current.* 

108. In regard to the degree in which the 
function of Nutritive Absorption is performed 
by the Lacteals and by the Sanguiferous 
system respectively, considerable difference of 
opinion has prevailed. When the Absorbent 
vessels were first discovered, and their func- 
tional importance was perceived, it was ima- 
gined that the introduction of alimentary 
fluid into the vascular system took place by 
them alone. Such an idea, however, would 
be altogether inconsistent with the facts of 
Comparative Anatomy ; f and it is completely 
negatived by the results of experiment. For that 
Absorption is effected to a very considerable 
amount by the agency of the Blood-vessels, is shown in the first place, by 
the readiness with which aqueous fluids and even alcohol are taken-up 
from the parietes of the Stomach, and are carried into the general circula- 
tion, Thus in a case of extroversion of the bladder, observed by Mr. 
Erichson,f in which the urinary secretion could be collected immediately on 
its passing from the kidney, when a solution of ferrocyanide of potassium 
was taken into the stomach, this salt was detected in the urine in one 
instance within 1 minute, and in three other instances within 2^ minutes. 
In all these cases, however, the stomach may be presumed to have been 



Diagrammatic representation of 
the Ongm ot the Lacteals m a 
Villus —e Central lacteal , d. Con- 
nective-tissue corpuscles with com- 
municating branches; c. Ciliated 
columnar epithelial cells, the at- 
tached extremities of which ore 
directly contigiioub with the con- 
nective-tissue corpuscles. 


♦ These epithelial cells were described by MM. Oruby and Delafond (“ C. Rendus,” 
184S, 1195), as possessing cilia on their free margin ; but Kollikcr and Funke considered 
this appearance as illusory, and produced by the thick membrane closing the free ex- 
tremity of the cell being perforated by very delicate pores or canals, whilst after death 
it split up in such a manner as to resemble a bundle of cilia (Kolliker, “Mikroskop. 
Anat.,” 1860, p, 329). Balogh, agreeing with Kolliker as to the lines in question 
being canals, differed from him in believing them to be not pre-existent, but merely 
the indications of the passages made by the molecules of fat in penetrating the delicate 
tissue occluding the mouth of the cell (^‘Moleschott’s Unters.” band vii. 1861, p. 556.) 
Brettauer and Steinaoh, on whose observations the statements of Brucke, Heidenhain^ 
and other later authors are founded (Brettauer and Steinach, * ‘ Sitzungsbericht d. k. 
Akad. d. Wissen. zu Wien,” 1857, band xxiii. p. 303,) maintained that the apparent 
cilia were prolongations of the cell- contents, the cells themselves terminating with a 
smooth circular margin. They described the columnar arrangement as broadest and 
most distinct in fasting animals, whilst in cells filled with fat it diminishes to one-half 
or one-third of its former breadth, and the striae disappear, so that only a bright narrow 
nm or border is left. Lastly, Wiegandt is stated in “ Canstatt’s Jahresberiebt” for 1862, 
p. 32, to view the cilia as merely the optical expression of striae or wrinkles, 
f See ‘‘Princ. of Comp. Phys.,” chap. iv. 
t “Medical Gazette,” vol. xxxvi. p. 363. 
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-empty, and the vascular system in a state of aptitude for absorption ; 
since the experiments were made either after a long fast, or at least four 
hours after a light meal. When, on the other hand, the salt was intro- 
duced into the stomach soon after the ingestion of alimentary substances, 
a much longer period elapsed before it could be detected in the urine ; 
thus, when a substantial meal had been taken two hours previously, the 
interval was 12 minutes ; when tea and bread-and-butter had been taken 
one hour previously, the interval was 14 minutes ; a similar meal having 
been taken twenty-four minutes previously, the interval was 16 minutes; 
when only two minutes had passed since the conclusion of such a meal, 
the interval was 27 minutes ; and when a solid meal had been concluded 
just before the introduction of the salt, the interval was 39 minutes. — 
These facts are of great importance, in showing the very marked influ- 
ence which the state of the stomach exercises upon the absorption of 
matters introduced into it. Not less important, however, is the state of 
the vascular system in regard to turgescence or emptiness ; for it was 
found by Magendie, that when he had injected a considerable quantity of 
water into the veins of a dog, poison was absorbed very slowly ; whilst, 
if he relieved the distension by bleeding, there was speedy evidence of 
its entrance into the circulation. — The rapidity with which not only 
aqueous but alcoholic liquids introduced into the stomach may pass into 
the general circulation, has been shown by the experiments of Dr. Percy ; * 
who foimd that when strong alcohol was injected into the stomach of 
dogs, the animals would sometimes fall insensible to the ground imme- 
diately upon the completion of the injection, their respiratory and cardiac 
movements ceasing within two minutes ; and that on post-mortem exami- 
nation in such cases, the stomach was nearly empty, whilst the blood was 
highly charged with alcohol ; thus rendering it almost certain, that not 
merely the final destruction of nervous power, but the immediate loss of 
sensibility, was due to the action of alcoholized blood upon the nervous 
centres. — Finally, numerous experiments have been made by various 
physiologists, which have demonstrated that absorption of alimentary 
and other substances may take place from the walls of the Stomach ; 
these substances having been prevented from passing into the intestine, 
by a ligature around the pylorus. Now, as the Absorbent system does 
not present that peculiar arrangement in the coats of the stomach, which 
it does in those of the intestinal tube, there can be little doubt that the 
introduction of such substances into the system must be effected chiefly, 
if not entirely, through the medium of its sanguiferous capillaries. 

109. That the Blood-vessels of the Intestinal tube largely participate 
in the introduction of soluble alimentary matter into the system, has 
been clearly proved by various observations upon the constitution 
of the blood of the Mesenteric veins; these having shown, that 
after the digestion of albuminous and farinaceous or saccharine sub- 
stances, albuminose, dextrin, grape-sugar, and lactic acid, are detectible 
in that fluid, whose usual composition is greatly altered by the presence 
of these substances, as well as by the augmented proportion of water 
which it contains. Moreover, it is asserted by Bruch,f that so large a 

* * ^Experimental Enquiry (M)n(SarBiiig the Presence of Alcohol in the Ventricles ol 
the Brain/* p. 61. 

t Siebold and Edlliker's “ Zeitsehrift,” April, 1863. 
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quantity of fat is absorbed into the blood-vessels, that the superficial 
capillary network sometimes presents an opalescent whiteness We may 
consider the Sanguiferous vessels, then, as affording the usual channel by 
which a large part of the nutritive materials are mtroduced into the 
system ; but these are not allowed to pass into the general current of the 
circulation, until they have been subjected to an important assimilating 
process, which it appears to be one great ofiSce of the Liver to perform, 
whereby they are rendered more fit for the purposes they are destined to 
serve in the economy Of this we shall presently have to speak — But 
the absorbent power which the blood-vessels of the Alimentary canal 
possess, IS not limited to alimentary substances , for it is through them 
almost exclusively, that soluble matters of every other description are 
received into the circulation This, which may now be considered a 
well-established fact, was first clearly shoivn by the carefully-conducted 
experiments of MM Tiedemann and Gmelm,* who mingled with the 
food of animals various substances, which, by their colour, odour, or 
chemical properties, might be easily detected in the fluids of the body 
after some time the animal was examined; and the result was, that 
unequivocal traces of such substances were not unfrequently detected m 
the venous blood and in the urine, whilst it was only m a very few 
instances that any indication of them could be discovered in the chyle 
The colourmg matters employed were various vegetable substances, such 
as gamboge, madder, and rhubarb , the odorous substances were camphor, 
musk, asafoetida, &c ; while, in other cases, various saline bodies, such as 
chloride of barium, acetate of lead and of mercury, and some of the 
prussiates, which might easily be detected by chemic il tests, were mixed 
with the food The colouring matters, for the most part, were carried 
out of the system, without being received either into the veins or the 
lacteals , the odorous substances were generally detected in the venous 
blood and m the urine, but not m the chyle , whilst of the s<ilmo 
substances, many were found in the blood and m the urine, and a 
very few only in the chyle f A similar conclusion might bo drawn from 
the numerous instances, in which various substances introduced into the 
intestines have been detected in the blood, although the thoracic duct had 
been tied ; but these results are less satisfactory, because, though there is 
probably no direct communication (as maintained by mnny) between the 
lacteals and the veins in the mesenteric glands, the partitions which 
separate their respective contents are evidently so thin, that transudation 
may readily take place through them 

110 The process of absorption of the Blood-vessels is effected by the 
operation of forces of a purely physical character, the chief jihenornena of 
which are embraced under the G:eneral term of Osmosis, and winch may here 
be briefly noticed When two fluids, miscible with one another, are placed 
on the opposite sides of an animal membrane or other porous septum, 
currents are generally established in opposite directions, the activity of 
which IS essentiallv dependent upon the nature of the septum and the 

* ** Versuche uber die Wege auf welchen Substanzeii aus dem 1\I <gen und Darrakanal 
ins Blut gelangen,” Heidelberg, 1820 , t j j 

i* Colin, however, on examining the fluid of the Thoracic duct, readily found Iodide 
and Ferrocyanide of Potassium in dogs, sheep, and oxen, to which these salts had been 
ndministered eighteen minutes previously (“Bulletin de rAcad6mie,’' xxvii p 948 ) 
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affinity of the fluids for one another. The instrument by which these 
effects are best shown, is termed an Endosmometer, and consists (Fig. 23) 
of a tube b, whose wide extremity is partially filled with the fluid to be 
experimented-on, and is then immersed in a vessel of pure water a, the 
height of which is accurately kept at the same level as that to which the 
fluid rises or falls within the tube, in order to avoid the effect of unequal 
hydrostatic pressure. In the majority of experiments of this nature the 
membrane is capable of being wetted by the fluids 
on both sides, as when water and a solution of 
some salt are employed. It is then found that a 
strong current sets from the water to the saline 
solution, termed the endosmotic current, the energy 
of which is within certain limits proportional to 
the density of the solution,* whilst the amount of 
water entering will, of course, vary with the 
extent of surface presented by the membrane. On 
the other hand, the water without becomes im- 
pregnated with a portion of the salt from the 
establishment of a counter current, hitherto 
termed the exosmotic current, which will continue 
until the density of the fluids on the two 
sides of the membrane is equal. The ex- 
periments of Prof. Graham, Brucke, and others, 
however, render it probable that the passage of 
two fluid currents in opposite directions through 
the membrane is only apparent, and that the 
phenomena may in reality be explained by the 
admission of only a single current setting in- 
wards from the pure water to the saline solution, 
the apparent exosmotic current being due to 
the particles of salt passing outwards by a process of solution in successive 
layers of the pure water contained in the pores of the membrane until 
the outer surface is reached, when they immediately diffuse into that 
liquid, giving rise to the appearance of a fluid current in the opposite 
direction. The great importance of the nature of the septum and of its 
capacity for imbibing or for being permeated by the liquids, is shown by 
the facility with which the experiment can be arranged in such a manner 
that a current shall only pass in one direction ; for if the mouth of the in- 
strument be closed with bladder, and alcohol be placed within it, on im- 
mersing it in water a current is immediately established Irom the water 
to the alcohol, the increased bulk of which can be ascertained by a scale 
attached to the upper part of b, but there wiU be no evidence of a counter 
current passing from the alcohol to the water. If, on the contrary, the 
mouth of the instrument be closed with a thin lamina of caoutchouc, a 



An Endosmometer. 


* It is considered by Liebig, that the purgative effects of concentrated saline solutions 
are to be accounted-for on this principle — the establishment of an osmotic current from 
instead of towards the circulating system. It is difficult, however, thus to account for 
all the phenomena of saline purgation ; and the Author greatly doubts the validity of 
the explanation. Some experiments performed by Aubert are also strongly opposed 
to it, for he found that the injection of solutions of many of the neutral salts into the 
veins produced active purging : and here, of course, the explanation suggested by 
liiebig is inadmissible. (See “ Zeitschrift fiir Nat. Mei” 1832, t. ii,, p. 225.) 
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current Soon sets from the alcohol to the water, and therefore in the opposite 
direction. We may explain these phenomena by supposing that in the 
former instance the water possesses a superior attraction for the membrane 
enters its pores by imbibition and capillary attraction, and driving the 
alcohol before it, reaches the inner surface of the membrane, whence it 
instantly diffuses into that fluid, partly in consequence of the mutual re- 
pulsive force of its own particles, and partly from their affinity to those of 
the alcohol. In the latter case the alcohol exerts the same influence by 
virtue of its superior affinity for the caoutchouc. Professor Graham, 
indeed, considers that the water movement in osmosis is simply an affair 
of hydration and dehydration of the substance of the membrane or other 
colloid septum, and that the diffusion of the saline solution placed within 
the osmometer has little or nothing to do with the osmotic result other- 
wise than as it affects the state of hydration of the septum.* 

111. It is not absolutely necessary that the septum should be of a solid 
nature, since the same phenomena are observed, where, as in L’Hermite's ex- 
periment,f a layer of water constitutes the diaphragm, being made to separate 
a subjacent and heavier layer of chloroform from a superjacent and lighter 
layer of ether. The water is impermeable to chloroform, but permeable 
to ether, which therefore gradually penetrates through the water to the 
chloroform, and from its affinity for the latter, immediately diffuses into 


Fia. 24. 



it, ultimately, in opposition to the force of gravity, entirely disappearing 
from the surface of the water. The importance of the miscibility of the 
fluids is clearly shown by the complete absence of currents which occurs 
when the fluids on the opposite sides of the septum have no affinity for 
one another, as in the case of oil and water, or of water and chloroform. 
But even when such affinity really exists, and when, as is usually ffie 
case in the animal body, there is more or less tendency in the fluids 
on the opposite sides of the septum to diffuse into one another, many 

* For a theory which is in close accordance with this, see Buchheimer (Beitrage), 
“ Archiv f. Phys. Heilk.,’' 1853, t. xii. 

t “Comptes RenduP,” 1854, p. 1179. 
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circumstances may interfere to modify the force and direction of the 
osmotic currents besides those already noticed. Amongst these may be 
mentioned temperature,* * * § ** pressure, electricity the specific heat of the 
fluids,^ the process of evaporation, the previous impregnation of the mem^ 
brane with acids§ or alkalies, || and lastly, one which is in constant opera- 
tion in the living body, viz., the movement of one of the fluids, the effects 
of which may be clearly exhibited by means of an apparatus essentially 
the same as that constructed by Dr. Robinson, and shown in Fig. 24, where 
B is a vessel containing coloured fluid ; c a piece of intestine attached to 
the stopcock of B on the one hand, and to a siphon on the other, and 
immersed in a vessel of water A. If the siphon be of smaller diameter 
than the portion of intestine c, as in the figure, the fluid will discharge 
itself with difficulty, the intestine will become tight, and an effusion of 
the coloured fluid into the pure water contained in the vessel A will 
become apparent ; but if the diameter of the siphon be greater than that 
of the intestine attached to it, the discharge of the fluid will take place 
easily, the membranous tube will become flaccid, and a rapid process of 
absorption of the water or of any saline solution in A will occur.lT In 
a recent paper by Professor Graham, of great interest in reference 
to the phenomena we are now discussing, that chemist shows that some 
substances, as the salts of the metals, generally pass through porous 
septa with facility ; and these and all substances so diffusing themselves 
he proposes to call crystalloids; ivhilst others, as alumina, hydrated 
silicic acid, gum, dextrin, gelatin, albuminous substances, &c., pass 
with great difficulty, or not at all. These he denominates colloids. ’’ff 
The latter are characterized by possessing feeble chemical reactions ; by 
diffusing very slowly in water ; by having so weak an affinity for that 
liquid, that they are easily precipitated from their solution ; by being 
unable to pass through (by means of diffusion) any colloidal septum ; 
by their consequent insipid taste, since they probably never reach the 
sentient extremities of the gustatory nerves ; and by their high equivalent 
numbers, unstable nature, and ready passage into decomposition. The 
crystalloids, on the other hand, present characters which are precisely 
the reverse. 

112. There seems to be no reason for doubting that the absorption of 
the various nutritive and alimentary materials takes place according to 
the ordinary rules of Osmosis ; for on the one hand is the aliment always 
more or less perfectly reduced to the liquid state, the density of which is 
generally less than that of the blood, in consequence of the very copious 
discharge of aqueous fluid into the alimentary canal during the operation 
of digestion ; and on the other is the blood or lymph in rapid movement, 
possessing a high specific gravity, and at a temperature of 99° or 100° F. ; 
whilst between them is the septum, of immense extent and great tenuity, 
formed by the mucous membrane and the walls of the blood or lymph 

* Eckhard, “Beitrage,” 1858, p. 95. 

t Brooke in Golding Bird^s Nat. Phil." 1860, p. 24. 

i B6clard, Physiologie,” 1862, p. 176. 

§ Harzer, “Archivf. Phys. HeUk.,” 1856, t. xv. 
li Wistinghausen, “Dissert,,” Dorpat, 1851. 
in Eobinson, * ‘ Contributions to Physiology,” 1857, p. 98. 

** “Trans. Royal Soc.,” 1861, parti. 

+t Redw^ood, ‘Dialysis,’ “Phann Journ.” Ap. 1862. 
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vessels : the tendency is, therefore, in accordance with the fiicts already 
stated, in fevonr of the passage of the aliment from the intestinal tract 
towards the circulating fluids.* As regards such substances as albumen, 
gum, and gelatine, which belong to the ‘‘ colloid class of substances, 
and therefore transude with extreme difliculty, it appears at first sight 
diflScult to explain how they pass through the intestinal mucous mem- 
brane.f The experiments of Funke, however, show that the act of 
digestion essentially effects a conversion of the colloid ” group into the 

crystalloid;” for that as soon as the albuminous substances introduced into 
the stomach have undergone the modification into peptones, they have 
acquired the power of traversing animal membranes with compaimtive 
facility. As the conditions for the absorption of these substances are 
alike present in the stomach and intestines, it is probable that this process 
takes place through the whole length of the alimentary tube, though 
chiefly in the intestine, as the presence of acids is unfavourable to its 
active performance ; a view which receives support from the experiments 
of Busch J upon the woman with a duodenal fistula, in whom it was found 
that a considerable portion of the saccharine, and about one-third of 
the albuminous compounds taken as food, were absorbed before reaching 
the intestine. Funke § observed also that when solutions of peptone were 
introduced and secured by ligature in determinate lengths of the intes- 
tines of living rabbits, and permitted to remain for two, four, and six 
hours, the more concentrated the solution, the greater was the activity 
with which the absorption was accomplished in a given time ; but that a 
remarkable difference occurred from what might have been anticipated, 
where a definite quantity of the solution of peptone was presented to 
double the extent of surface, very little more being then absorbed, or at 
least nothing like double the amount in the same time. He further 
found that the amount absorbed in the living animal by no means stands 
in direct relation to the duration of the experiment, the process taking 
place with far more energy during the first hour than subsequently ; and 
the same facts were also observed in experiments upon the absorption 
of sugar made by Becker. || 

113. The difficulty which formerly existed in regard to the absorption 

* Some exceptional instances have not yet received full explanation. Thus, the poison 
of the serpent, and the American poison, Woorara, have long been known to be harmless 
whenswallowed ; and this has recently been shown by Bernard to be due, not as was formerly 
supposed to the decomposition of the poison by the Gastric J nice, but to the circumstance 
that it will not pass through the mucous membrane of the stomach or intestine unless 
introduced in very large quantities. In like manner M. Renault has made the curious 
observation that the flesh of animals which have died of malignant pustule, the virus of 
glanders, and some other animal poisons, can be introduced into the stomach of Dogs, 
Pigs, and Fowls, without propagating the disease, whilst they are readily absorbed by the 
mucous membrane of the Goat, tSheep, and Horse. (“Kec. de Med. V^t^rin.,” 1851, 
xxviii. p. 873.) 

t Mialhe Chimie appliquee il la Physiologie,” 1856,) broke the shell from the end 
of an egg, leaving the membrane intact, and immersed it in water. After 5 hours it 
had increased in weight upwards of 30 grains, and the membrane was tight and promi- 
nent. The water in which the egg had been immersed became alkaline from the exosmose 
of the salts, but no albumen had escaped. So Graham and Eckhard (“ Beitrage,” band 
iii. p. 51 and 85, 1862,) state that in analogous experiments with solutions of gum no 
exosmosis of that substance occurred. 

t “ Archiv f. Path. An. und Physiologie,” 1858, bandxiv. p, 140. 

§ Physiol ogie,” 4th Edit., 1863, p. 357. 

11 “ ZeitschrS’t f. wiss. Zoologie,” 1854, t. v., p. 137 et seq. 
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of fatty bodies into the absorbent vessels^ since these traverse moist 
animal membranes with great difficulty, is in some measure set aside by 
the observations of MM. Heidenhain and Briiche already detailed, though 
there are still some points which have not received explanation.* Their 
entrance into the blood-vessels may be aided, as B^clardj* supposes, by the 
direct pressure of the muscular coats of the intestines; for, though great 
force is requisite to drive oil through the entire thickness of the walls of 
the small intestine, a much slighter one will suffice to impel it through 
the delicate structure of the mucous membrane alone, especially if the 
oil be finely divided or emulsionized : the yolk of egg, for instance, mingled 
with two or three times its weight of water, traversing such a membrane 
at a temp, of 100® F., and under a low pressure with great ease; though 
in other experiments made by M. Morin f much difficulty was experi- 
enced with milk, on account of the much larger size of the molecules of 
oil contained in that fluid. It is certain, moreover, that the presence of a 
weak solution of soda or potash in the pores of the membrane, which 
effects a saponification of the oil, materially facilitates its passage ; § and 
Wistinghausen and Hoffmann || have observed that the force requisite to 
drive oil through an animal membrane is materially diminished by first 
impregnating the latter with bile : an important observation in reference 
to the phenomena of the absorption of these substances by the blood-vessels, 
since it renders it probable that, as in the case of the albuminous com- 
pounds, it is in the small intestine chiefly, the surface of which is rendered 
alkaline by its own secretion and by the fluids discharged by the Liver 
and Pancreas, that the absorption of fat is accomplished.^ 

114, It is a very remarkable fact, which has recently been fully sub- 
stantiated, that not merely soluble matters, but insoluble substances in a 
state of minute division, may find their way from the alimentary canal 
into the current of the circulation. Thus it was foimd by Oesterlen ** 
that particles of finely- divided charcoal, introduced into the alimentary 
canal, could be distinguished in the blood of the mesenteric veins ; and 
similar results have been obtained by Eberhard, and by Mensonides and 
Donders, not only with charcoal, but also with sulphur and even with 
starch, the latter substance being at once detectible in the blood by the 
iodine-test. There can be little doubt that such substances enter the 
lacteal system, through the epithelial cells of the villi ; as the presence of 
psorosperms in the interior of these has been distinctly perceived by 

Klebs.tt 

* For a very full and interesting critique upon the whole question of the absorption 
of Fats, see Funke, “ Physiologic,” 1863, 4th Edit., p. 359 — 372. 

t “ Physiologie,” 1862, p. 181. t “M^moires de la Soci^te de Geneve,” 1864. 

§ Matteucci, ^‘Lectures on the Phys. Phenom. ofLiving Beings,” Pereira’s Edit., p. 111. 

ll “Dissert, inaugur,” Dorpat, 1861. 

U For the best and most recent account of the various phenomena of imbibition, capilla- 
rity, osmosis, and diffusion of liquids, see Milne Edwards, “ Lemons sur la Physiologic,” 
vol. V., 1869, in which the literature of the subject is given in a singularly perfect 
manner. Seealso Prof. Graham’s Memoirs in the “Phil. Trans.” for 1860, 1864, 1867, &c. 

** “Heller’s Archiv,” 1847. 

ft For further information on this point the reader is referred to Moleschott’s Un- 
tersuchungen, ” band ii. p. 119 ; and “Wien. Med. Wochenschrift,” 1864, p. 817. 
“ Hollander Quaestiones de Corp. solid, e tract, intest.,” &c., Dorpat, 1866. Teich- 
mann, “ Das Saugader System, ” 1861, p. 106. Funke, “ Lehrbtlch,” 1863, 4th edit., 
p. 362 8eq> ; and Klebs, in “Arch. f. Path. Anat.,” band xvi., p. 188. 
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2. — Absorption from the Body in general 

115. — The Mucous Membrane of the alimentary canal is by no means 
the only channel through which nutritive or other substances may be 
introduced into the circulating apparatus from external sources. The 
Lymphatic system is present in all animals which have a lacteal system ; 
and the two, as already pointed-out, evidently constitute one set of 
vessels. The Lymphatics, however, instead of commencing on the intes- 
tinal walls, are distributed through most of the vascular tissues of the 
body, and especially in the Skin ; but their number bears no proportion 
whatever to the vascularity of the several tissues, or to the amount of 
interstitial change which these undergo ; and it would rather seem to be 
related to the amount of Connective tissue interposed between the other 
constituents of the fabric (§ 121). Thus we find the Nervous centres 
entirely destitute of them, unless indeed they are represented by the 
lacunar spaces filled with nuclei, which have been described by Robin’*^ 
as surrounding the capillaries; and they are very scanty in tlie sub- 
stance of Muscles. After passing, like the lacteals, through a series of 
glandular bodies (the precise nature of which will be presently consi- 
dered, § 121), they empty their contents into the same receptacle with 
the lacteals ; and the mingled products of both pass into the Sanguiferous 
system. — We find in the Skin, also, a most copious distribution of capil- 
lary blood-vessels, the arrangement of which is by no means unlike that 
of the blood-vessels of the alimentary canal ; and its surface is further 
extended by the elevations that form the sensory papiUaB, which are 
in many points comparable to the intestinal villi, although their special 
function is so different. 

116. In the lowest tribes of animals, and in the earliest condition of 
the higher, it would seem as if Absorption by the external surface is 
almost equally important to the maintenance of life, with that which 
takes place through the internal reflexion of it forming the walls of the 
Digestive cavity. In the adult condition of most of the higher animals, 
however, the special function of the intestinal tract is so much exalted as 
usually to supersede the necessity of any other supply ; and the function 
of the cutaneous and pulmonary surfaces may be considered as rather 
that of exhalation, than of absorption.f But there are peculiar conditions 
of the system, in which the imbibition of fluid through these surfaces is 
performed with great activity, supplying what would otherwise be a most 
important deficiency. It may take place either through the direct appli- 
cation of fluid to the surface, or even through the medium of the atmo- 
sphere, in which a greater or less proportion of watery vapour is usually 
dissolved. This absorption occurs most vigorously, when the system has 
been drained of its fluid, either by an excess of the excretions, or by a 
diminution of the regular supply. 

♦ Brown- Sequard, “Journal de la Physiol.,” vol. ii. 1859, p. 637. 

i* We have a remarkable exception to this general statement, however, in the case of 
Frogs and other Batrachia, which are characterized by the softness of their skins and the 
thinness of their epidermic covering ; for cutaneous absorption seems in them to be no 
less active than their cutaneous exhalation and respiration are well known to be. Thus 
Frogs, which habitually live in a moist atmosphere, seldom or never drink ; yet when 
they have lost fluid by exposure to hot dry air, they will regain their weight by being 
left for a time upon moist sand ; and the bladder, which serves as a reservoir of water 
for cutaneous exhalation, though previously emptied, will be refilled. 
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117. It may be desirable to adduce some individual cases, which will 
set this function in a striking point of view ; and those may be first 
noticed, in which the Absorption took place through the contact of liquids 
with the skin. It is well known that shipwrecked sailors and others who 
are suffering firom thirst, owing to the want of firesh water, find it greatly 
alleviated, or altogether relieved, by dipping their clothes into the sea 
and putting them on whilst still wet, or by frequently immersing their 
own bodies.* * * § — In a case related by Dr. Currie, of a patient labouring 
under dysphagia in its most advanced stage (the introduction of any 
nutriment, whether solid or fluid, into the stomach, having become 
perfectly impracticable), an attempt was made to prolong his existence 
by the exhibition of nutritive enemata, and by immersion of the body, 
night and morning, in a bath of milk and water. During the continuance 
of this plan, his weight, which had previously been rapidly diminishing, 
remained stationary, although the quantity of the excretions was in- 
creased. How much of the absorption, which must have been effected 
to replace the amount of excreted fluid, is to be attributed to the baths, 
and how much to the enemata, it is not easy to say ; but it is important 
to remark that the thirst, which was troublesome during the first days 
of the patient’s abstinence, was abated, and, as he declared, removed, by 
the tepid bath, in which he had the most grateful sensations.” ‘‘ It 
cannot be doubted,” Dr. Currie observes, that the discharge by stool 
and perspiration exceeded the weight of the clysters ; ” and the loss by 
the urinary excretion, which increased from 24 oz. to 36 oz. under this 
system, is only to be accounted-for by the cutaneous absorption, f — Dr. 
S. Smith mentions that a man, who had lost nearly 3 lbs. by perspiration, 
during an hour and a quarter’s labour in a very hot atmosphere, regained 
8 oz. by immersion in a warm bath at 95°, for half an hour.J — The 
experiments of Dr. Madden § on his own person show that a positive 
increase usually takes place in the weight of the body, during immersion 
in the warm bath, even though there is at the same time a continual loss 
of weight by pulmonary exhalation, and by transudation from the Bkin.|| 
This increase was, in some instances, as much as 5 drachms in half an 
hour ; whilst the loss of weight during the previous half-hour had been 
64 drachms : so that, if the same rate of loss were continued in the bath, 
the real gain by absorption must have been nearly an ounce and a half. 
Why this gain was much less than in the cases just alluded- to, is at once 
accounted-for by the fact that there was no deficiency, in the latter case, 
of the fluids naturally present in the body. 

118. There are certain phenomena, which, if accurately recorded, can- 
not be accounted-for in any other way, than by admitting that, under 
particular circumstances, a considerable amount of water may be absorbed 
from the vapour of the atmosphere. The following are among the most 

* See a collection of such cases in Dr. Madden’s “Experimental Enquiry into the 
IHiysiology of Cutaneous Absorption,*' p. 47. 

f “Medical Reports,” voL i. pp. 308 — 826. 

i ‘ * Philosophy of Health, ” vol. ii. p. 896. 

§ Op. cit., pp. 59 — 63. 

11 That part of the function of Cutaneous Transpiration, which consists in simple Ex- 
halation, is of course completely checked by such immersion ; but that which is the 
result of an actual Secreting process in the cutaneous glandulse (chap. xii. Sect. 4) is 
increased by heat, even though this be accompanied with moisture. 
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satisfactory and circumstantial observations, that have been adduced in 
support of this position. Lining observed that his body on one occasion 
increased in weight, during two hours, to the amount of 8^ oz. ; allowance 
being made for the amount of fluid ingested during that time, and for the 
quantity passed-off by the urine and by cutaneous transpiration.* * * § Dr. 
Jurin affirms that he ascertained an increase of 18 oz. to have taken place 
during a night passed in a cool room, after a day’s exercise and abstinence.f 
It is stated by Dr. Watson, J that a lad at Newmarket, having been almost 
starved, in order that he might be reduced to a proper weight for riding a 
match, was weighed at 9 a.m., and again at 10 a.m. ; and he was found to 
have gained nearly 30 oz. in weight in the course of this hour, though he 
had only drunk half a glass of wine in the interim. A parallel instance 
was related to the Author by the late Sir G. Hill, then Governor of St. 
Vincent : a jockey had been for some time in training for a race, in which 
that gentleman was much interested, and had been reduced to the proper 
weight ; on the morning of the trial, being much oppressed with thirst, 
he took one cup of tea ; and shortly afterwards his weight was found to 
have increased 6 lbs., so that he was incapacitated for riding. — Nearly the 
whole of the increase in the former case, and at least three-fourths of it in 
the latter, must be attributed to absorption from the vapour of the atmo- 
sphere ; probably, however, rather through the lungs than through the 
skin. K the possibility of such absorption be admitted, we are probably 
to attribute to it the chief part of the excess of watery fluid which cannot 
be otherwise accounted for, in the following instances. — Dr. Hill§ relates 
the case of a diabetic patient, who for five weeks passed 24 lbs. of urine 
every twenty-four hours ; his ingesta during the same period amounted to 
22 lbs. At the commencement of the disease, he weighed 145 lbs. ; and 
when he died, 27 lbs. of loss had been sustained. The daily excess of the 
excretions over the fluid ingesta could not have been less than 4 lbs. ; 
making 140 lbs. for the thirty -five days during which the complaint lasted. 
If from this we deduct the amount of diminution which the weight of the 
body sustained during the time, we shall still have 113 lbs. to be accounted 
for, which can only have entered the body from the atmosphere. — A case 
of ovarian dropsy has been recorded by Mr. Ford,|| in which it was 
observed that the patient, during eighteen days, drank 692 oz. or 43 pints 
of fluid, and that she discharged by urine and paracentesis 1298 oz. or 
91 pints, which leaves a balance of 606 oz. or 38 pints, to be similarly 
accounted for.lf 

119. The capacity of the Skin to absorb saline or other substances in 
solution, though formerly generally admitted, has lately been called in 
question by various observers. In experiments performed by Murray 
Thomson,** with which those ofParisotj'j' andKletzinsky are in accordance^ 


* “ Philosophical Transactions,” 1743, p. 496. 

+ Klapp, ‘‘ Inaug. Dissert.,” p. 30, cited by Dr. Madden. 

t “Chemical Essays,” vol. iii. p. 100. 

§ “ Trans, of Med. -Chirurg. Soc. of Edinb.,” vol. ii. 

II “Medical Communications,” vol. ii. p. 130. ... -in j r 

H In this case, however, as in others of a similar kind, something is to be flowed for 
the quantity of water contained in the solids food ingested ; but this may ^ fairly con- 
sidered not to exceed the quantity lost by pulmonary and cutaneous exhalation, and 
discharged in the faecal evacuations. , « 10^*0 9 ^ 7 r 

** “ Edin. Med. Jour.,” 1862, p. 1017. ft “ Archiv. G4n. de M6d., 1868, p. 876. 
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it waB found that no trace of iodine could be detected in the morning 
urine, when a bath, containing half an ounce of iodide of potassium 
dissolved in 80 gallons of water had been taken the previous night after 
six hours’ abstinence from all food. HomoUe, who has paid much 
attention to this subject,* whilst admitting that pure water is certainly 
absorbed, and that saline solutions and some organic mixtures are some- 
times decomposed by the skin, apparently by that tissue exerting an 
elective affinity for one of the constituents, to the exclusion of the others, 
yet states that in many instances in which he remained for an hour or 
more at a time in baths containing 3 oz. of cyanide or iodide of potassium, 
nitrate of potash, or chloride of ammonium, he was unable to discover 
any trace of those salts in the urine, nor did he perceive any physiological 
effect from the employment of baths in which 1 lb. of belladonna or of 
digitalis leaves had previously been infiised. M. Willemint and M. 
Delore, J on the other hand, maintain that the healthy skin is capable of 
absorbing not only water, but small portions of all substances soluble in 
water ; the process of absorption varying under different circumstances, 
but being favoured by a delicate skin, and by exhaustion, though it does 
not take place when the skin is actively perspiring from exercise. The 
occasional serious effects upon the urinary organs of the application of a 
blister, the tinging of the urine with madder, rhubarb, and turmeric after 
bathing in infusions of those substances, § and lastly, the remarkable 
experiment of Schreger, who found on immersing the hind leg of a puppy 
for 24 hours in tepid milk, after having previously applied a bandage, 
that the lymphatics were full of milk, though the veins contained none, 
are all favourable to the latter opinion. The process of absorption of 
saline substances by the skin is, however, so irregular and imperfect, 
that the iatroleptic plan of treatment will probably never be extensively 
employed. When absorption does take place, we should expect that the 
absorbed substances would be more readily discoverable in the absorbents 
than in the veins ; for their imbibition takes place entirely according to the 
physical laws already mentioned, in conformity with which they pass 
most readily into the vessels which present the thinnest walls and the 
largest surface. 

120. Our inferences with regard to the ordinary ftmctionsof the Lym- 
phatic system, however, must be rather drawn from the nature of the 
fluid which it contains, and from the uses subsequently made of it, than 
from such experiments as the preceding. We shall presently see, that 
there is a close correspondence in composition between the Chyle of the 
Lacteals, and the Lymph of the Lymphatics ; the chief difference being 
the presence of a considerable quantity of fatty matter in the former, and 
•of a larger proportion of the assimilable substances (albumen and fibrin) 
which are equally characteristic of both (§ 123). This evident conformity 
in the nature of the fluid which these two sets of vessels transmit, joined 
to the fact that the fluid Lymph, like the Chyle, is conveyed into the 
general current of the circulation, just before the blood is again trans- 
mitted to the system at large, almost inevitably leads to the inference, 

i 

* * De r Absorption par la Tegument exteme,* “ L’Union M6dicale, ” 1 853, p. 462 et aeq. 

f “ Archiv. G6n. de M6d.,” 1863, pp. 6— 105—325. t Ibid., p. 376. 

§ Medical Communications,” vol. ii. p. 130. 
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that the lymph is, like the chyle, a nutritious fluid, and is not of an ex* 
crementitious character, as maintained by Hunter and his followers. On, 
the other hand, the close resemblance between the contents of the Lym- 
phatics and diluted Liquor Sanguinis seems to indicate that the former 
are chiefly derived from the fluid portion of the blood, which has transuded 
through the walls of the capillary vessels, and has permeated the tissues, 
giving up to them the materials required for their nutrition. And we shall 
presently see reason to believe that this transudation answers the additional 
purpose of subjecting the crude materials, which may have been taken up 
direct into the blood-vessels, to an elaborating or preparatory agency, such 
as it seems to be the especial object of the Lacteal system to exert upon the 
nutritive substances which it serves to introduce into the circulation. — But 
it seems not impossible, that there may be another source for the contents 
of the Lymphatics. We have already had to allude, on several occasions, 
to the disintegration which is continually taking-place within the living 
body ; whether as a result of the limited duration of the life of its com- 
ponent parts, or as a consequence of the decomposing action of Oxygen. 
Now the death of the tissues by no means involves their immediate and 
complete destruction ; and there seems no more reason why an animal 
should not derive support from its own dead parts, than from the dead 
body of another individual. Whilst, therefore, the matter which has 
undergone too complete a disintegration to be again employed as nutrient 
material, is carried-off by the excreting processes, that portion which is 
capable of being again assimilated, may be taken up by the Lymphatic 
system. If this be the case, we may say with Dr. Prout, that “ a sort of 
digestion is carried- on in all parts of the body.’^ — It may be stated, then, 
as a general proposition, that the function of the Absorbent System is to 
take-up, and to convey back into the circulating apparatus in a state of 
higher elaboration, such substances as are capable of appropriation to 
the nutritive process; whether these substances be directly furoished 
by the external world, or be derived fpom the disintegration ^ of 
the organism itself. W^e have seen that, in the Lacteals, the selecting 
power is such, that these vessels are not disposed to convey into 
the system any substances but such as are destined for this purpose ; 
and that extraneous matters are absorbed in preference by the mesen- 
teric Blood-vessels. The case is different, however, with regard to 
the Lymphatics ; for there is reason to believe that they are more dis- 
posed than the venous capillaries to the absorption^ of other soluble 
matters, especially when these are brought into relation with the skin, 
through which the Lymphatic vessels are very profusely distributed. 


Z,^Ofthe Elaboration of the Nutrient Materials,— Sanguification, 

121. The alimentary substances, taken-up by the Blood-vessels and 
Absorbents, seem very far from being capable of immediate application 
to the nutrition of the body ; for we find that they axe not conveyed by 
any means directly into the circulating cun-ent, but that those which 
enter the Gastro-intestinal veins are submitted to the operataon of the 
Liver, whilst those which are received into the Lacteals are subjected to a 
kind of glandular action within their own system; the newly-absorbed 
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matenalBinboth cases undergoingconsiderable clianges, which tend to assi- 
milate them to the components of the Blood. — The Lymphatic System 
consists of an extensive network of vessels very generally distributed 
throughout the body, but present in remarkable abundance beneath the 
Skin and Mucous membranes. The question of their origin cannot, as 
yet, be regarded as satisfactorily determined ; Teichmann* believing that 
they commence in the form of stellate cells (which appear to be identical 
with the connective-tissue corpuscles), whose prolongations everywhere 
communicate, forming an irregular kind of network ; whilst in a recent 
and carefully drawn up Report by C. Ludwig, f of a series of researches 
undertaken by himself and his friends, Herren Noll, Krause, Schwanda, 
and Tomsa, it is maintained that the real origin of the L3rmphatics 
throughout the body is in the interspaces of the connective tissue, the 
lacunar spaces, splits, and fissures existing between the fibres of which, 
communicate with vessels which gradually assume a more definite form, 
and are then supplied with valves. No communication ever takes place 
between the Lymphatic and the Blood-vessels, except at the point where 
the great trunks empty themselves into the junction of the subclavian and 
jugular veins. It is a peculiarity of the Lymphatics that they do not 
present the same smooth and regular contour, nor the same definite mode 
of branching, that is met with in the Blood-vessels ; on the contrary, they 
run irregularly, and the walls of the vessels often present dilatations or 
reservoirs in their course, whilst the larger vessels formed by the reunion 
of several smaller ones often again subdivide and reunite. The smaller 
vessels or Capillary Lymphatics are usually larger than the corresponding 

Fio. 25. 



A seotioii of a simple Rete Mirablle, viewed from the surface. — a, a, afferent veRscls j 6, 6, efferent 
vessels, only partL^ly visible, from the popliteal space. (Man.) 

* Teichmann, ‘'Das Saugader System.” 

+ In the ** Medizinischer Jahrbilcher” of A. Duchek and A. SchanensteiD, 1S63, 
keft ir. p. 35—72, Wien. 



ELABORATION OF NUTRIENT MATERIALS. — SANGUIFICATION. 127 


capillary blood-vessels, and are lined by a tesselated epitbelium (Reckling- 
hausen). At certain parts of the body, as the bend of the knee and elbow, 
and in the neck, the larger stems suddenly break up into a dense interlacing 
network of capillary vessels, most distinct in young subjects, forming a 
rete mirabile^ as is shown in Fig. 25. This is surrounded by condensed 
connective tissue, and is penetrated by blood-vessels ; and is, so to speak, 
the first step towards the formation of a lymphatic gland. From this 
simple structure we can readily ascend through a series of gland- 
like organs, gradually increasing in complexity, composed of several 
of these little retia, arranged either continuously or in groups, 
until at length, by steps of easy transition, we arrive at the com- 
plex structure of the true lymphatic glands. These have been most 
laboriously investigated and excellently described by His,* Reck- 
linghausen,! and especially by TeichmannJ and Frey.§ From their 
investigations we learn that each gland is invested by a vascular 
sheath or capsule of condensed connective tissue, which is continuous 
with the coats of the afferent and efferent vessels, sending inwards a 
number of thin lamelloB, so disposed and connected together as to consti- 
tute a tolerably regular alveolated framework pervading the gland, ex- 

A Fig. 26 . b 
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Section of Lymphattc Oland, showing a, o, the 
fibrous tissue which forms its extenor ; o, o, su- 
perficial vasaiiiferentia ; c, enlarger alveoli, near 
the Burfiice ; d, d, smaller alveoli of the interior; 
c, e, fibrous of the alveoli. 



Section of one of the alveoli of a Lym- 
phatic Gland ; a, a, its fibrous envelope , 
b, b, prolongations from this, intersecting 
and subdividing the general cavity ; c, < , 
nuclei of the fibre-cells; d, separate fibre- 
cells. 


cepting usually near the centre. The septa thus formed contain n Man 
and mtny other animals, but especially m the 

cular fibre-cells.| The alveoli are most distinct iiear the surface of the 
gland : towards iJie centre, in consequence of t e rea mg p 
gular disposition of the septa, they are not very apparent. The centre 
of the glL is occupied by the 4dullary substance ;-Png consider- 
ably in%mountin different instances, but always mos f ^^ndant m cMd- 
hood, and in the more deeply seated glands. Its relation to the alveoh 


• ;; Untersuohaagen UW den Baa der Peyerschen « 

II Brlicke, Kecklinghausen. 
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may best be understood by conceiving it to be a plastic substance, ac- 
cumulated in mass at the centre, and sending out on all sides prolongations 
of the most irregular form and shape, which do nearly, but not completel^^ 
fill the alveoli, spaces being consequently left between the septa which 
form the alveoli, and the processes of medullary substance partially fill- 
ing them. These are termed by Frey the investing spaces of the follicle^ 
represented by h in Fig. 27. They are traversed by irregular fibres, which 
resemble the Chordae Willisii, found in the superior longitudinal sinus. 
According to Recklinghausen, they are lined by epithelium-cells of a 
rounded polygonal form, and certainly contain numerous lymph-corpuscles. 
They are directly continuous with the afferent and efferent vessels, 
and may be filled with injection propelled from either of those sets of 
tubes ; though, of course, on account of the valves, more readily through 
the former than the latter. The course which the lymph takes in tra- 
versing these somewhat lacunar spaces around and between the alveoli, is 
termed by Frey the superficial lymph-path ; but his observations have 
further shown that the medullary substance may be regarded as com- 
posed of a convoluted mass of branched and reticulated lymphatic canals, 
resembling Fig. 25, which, by their tmion and coalescence, form irregular 
dilatations and cavernous spaces, into the interior of each of which one 
or more blood-vessels penetrate ; a space being left between the outer sur- 
face of the wall of the blood-vessel, and the inner surface of the very deli- 
cate transparent structure forming the wall of the lymphatic vessel. In 

this space great numbers of lymph- and 
after food, of chyle-corpuscles, are visible. 
These lymph-tubes communicate at 
numerous points with the above-men- 
tinned lacunar spaces, which form the 
lymph-path; but injections 
penetrate into them with some difficulty, 
^ gTfeater pressure, acting for a longer 
H being required to fill them. In 

the interspaces of this system of anas- 
^omosing or branched canals, constitut- 
ing the medullary portion of the gland, 
is interposed a quantity of connective 
tissue, the relations of which are very 
remarkable. It consists of a series of 
throughit; i,La(nmarandintercoramumcai^ tubes, which open not Only into 
ani SiSnirthe'ra^rtciiS^iymph.iffl’of the lymphatic tubes of the medullary 

fibstance, but also into the alveolar 
section of a blood-vessel may be seen. In investing spaces, by numerous minute 

apertures, whilst they every where inter- 

tnte of nuclei may be seen, which constitute communicate amonffst themselves, form- 
the deep or secondary lymph-path of Frey. . . i j-i ? j j.* 

ing irregular dilatations, and sometimes 
cavernous spaces, in which lymph-corpuscles are accumulated, and through 
which, as through a diverticulum, the lymph must slowly percolate, con- 
stituting the deep or internal lymph-path of Frey. A similar connective- 
tissue network is found in the alveoli, but it is much less developed, and 
its relations axe much less distinct than in the medullary portion of the 
gland. It thus appears, that the lymph or chyle entering one of the 
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mesenteric glands passes, under ordinary circumstances, from the afferent 
to the efferent ves^ls, through the superficial lymph-path, that is, chiefly 
through the investing follicular spaces around and between the alveoli ; 
though partly also through the lymph-tubes forming the medullary por- 
tion of the gland, where it comes into intimate relation with the blood- 
vessels, and takes up a certain proportion of lymph-corpuscles. When, 
however, the activity of the gland is at its height, as regards both the 
circulation of the blood and that of the lymph, as after food, the pressure 
of the increased quantity of the latter fluid effects the dilatation of the 
minute pores by which the plexus of the connective-tissue corpuscles 
and their prolongations communicate with the medullary tubes and alveolar 
investing spaces, thus permitting a slow percolation of the newly-absorbed 
fluid through channels in which lymph-corpuscles are abundantly con- 
tained, and effecting the first steps in its assimilation to that fluid, into 
which it is subsequently poured, and of which it is obvious that it con- 
stitutes the pabulum. 

122. The whole of the Lacteal and Lymphatic system may thus be 
looked-upon as constituting one great Assimilatwy Gland^ dispersed 
through the body at large ; for it does not differ in any essential parti- 
cular from what the Kidney or the Testis would be, if it were simply 
unravelled, and its convoluted tubuli spread through the entire system, 
yet still all discharging their secreted products by a common outlet. 
In the cold-blooded Vertebrata, the Absorbent system appears to attain 
a relatively greater development than it does in the higher classes ; but 
the difference really lies in tlie greater extension, in the former, of those 
glandular elements which are more concentrated in the latter (See Princ. 
OP Comp. Phys., §§ 184 — 187). — Scattered through the whole length of 
the intestinal mucous mem- 
brane, from the Stomach to the 


Kectiim, are certain peculiar 
bodies, which are known as 
Peyer's Glands. These may 
be either ‘ solitary’ or ‘ agmi- 
nated;’ the former being very 
generally distributed through- 
out the intestinal canal, whilst 
the latter are restricted to 
the small intestine, being most 
abundant at the lower part 
of the ileum. In whatever 
portion of the canal they may 
occur, they are always limited 
in situation to that part of its 
periphery which is opposite 
to the mesentery. Each 
^‘Peyerian gland,’ in a healthy 
aucous membraue, presents 



Portion of the mucous surface of the end of the Human 
Ileum, moderately ma^mihod, showing the Peyeman 
QUmd$, the orifices of the tollicles, and the vilh. 


appearance of a circular, 

te, slightly-raised spot, about a line in diameter, over which the mem- 
tie is usually less beset with villi, and is very often entirely destitute 
Ijem ; and it is surrounded by a ring of openings, which are the orifices 
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of a set of CfiBcal follicles disposed in a zone around it (Fig. 28). The 
‘Peyerian patches’ (Figs. 20, 21 and 28) present aggregations of these 
spots, varying in number from two upwards, but every one of their 
individual components having precisely the same structure as the 
solitary gland. This appears, from the researches of Brucke,‘Kolliker, 
arid otners, to be a sort of capsule, whose walls are composed of indis- 
tinctly-fibrillated connective tissue with interspersed nuclei, and whose con- 
tents are thus but imperfectly differentiated from the tissues in which the 
gland is imbedded. These contents are made-up of a granular ‘ plasma,’ 
containing fatty and albuminous molecules of various sizes, with nuclear 
particles, and a few cells; altogether presenting an appearance of being 
the seat of rapid changes of progressive metamorphosis. Each capsule 
is surrounded by a close vascular network ; and according to the observa- 

Fig. 29. 



Horizontal Section through the middle plane of three Feyerian OloTida in the Eahhit, showing 
the distribution of the blood-vessels in the interior. 

tions of Frey, which have been confirmed by Kdlliker,* capillary vessels 
pass freely into the midst of its contents, and then return by loops, as 
shown in Fig. 29. According to the researches of Teichmann,! these 

* “ Mikro8kot)ische Anatomie,” band ii. § 171. 

t Teichmann’s investigations were chiefly made by means of injections ; but His, who 
examined thin sections of the intestinal mucous membrane after merely washing them 
with water and a camel-hair brush (“ Untersuch. iiber den Ban du Peyerischen Driisen,” 
Leipzig,. 1862, p. 7), maintains the elaborate systeih of vessels described by Teichmann 
to be only splits or fissures in the membrane betw» ^n the follicles, traversed by fibrous 
cords and bands, and containing blood-vessels. At L^e same time he agrees with the view 
that they serve as channels for the conduction of the i hy le. He considers that the proper 
substance of the parietes of the, follicles is continuous with that of the villi and subjacent 
portion of the mucous membrane ; both consisting of a matrix of areolar tissue with nu- 
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bodies are never penetrated by any lacteal vessels, though their presence 
in the mucous membrane occasions considerable disturbance in the usual 
arrangement of the lacteal system. The figures on page 111 show clearly 
the relations which they hold to the surrounding vessels, together with 
the general structure of the small (Fig. 20) and large intestine (Fig. 21). 
In their course through the mesentery, the Lacteals pass into the bodies 
known as the Mesenteric Glands^ which stand in the same relation 
to them that the Absorbent Glands of the body generally do to the 
Lymphatics. 

123. Composition and properties of the Chyle and Lymph. — The chief 
chemical difference between these fluids consists in the much smaller pro- 
portion of solid matter in the Lymph, and in the almost entire absence of 
fat, which is an important constituent of the Chyle. Lymph is, in gene- 
ral, a colourless, transparent fluid, sometimes yellowish, and sometimes 
turbid or opalescent, having a faint odour, salt taste, and alkaline re- 
action. Its chemical characters, according to Ludwig, vary considerably 
at different periods, and even in different parts of the system at the siimc 
time ; so that of the fluids taken from the two sides of the neck, it will 
sometimes happen that one will coagulate spontaneously, whilst the other 
remains fluid. A considerable though variable number of corpuscles 
and minute oil-globules are generally present ; the former, like those oi‘ 
the Chyle, resembling the white corpuscles of the blood, and the hitter 
being especially abundant after food. The following table shows the 
results of some of the most accurate analyses that have been made upon 
human Lymph — 


In 1000 Parts, 

Gubler and Quevenne. 

Marchand 

and 

Colberg. 

Scbcrcr. 

Nasso. 


I. 

II. 

III. 

IV. 

V. 

Water 

939‘87 

934-77 

969-26 

957-60 

910-60 

Solid residue . . . 

60-13 

65-23 

30-74 

42-40 

60-50 

Fibrin 

0-56 

0-63 

5-20 

0-37 

1-65 

Albumen .... 

42-75 

42 80 

4-34 

34-72 

— 

Fat , . ... . . 

3*82 

9-20 

2-64 

— 

— 

Extractives . . . 

5-70 

4-40 

3-12 

— 

— 

Salts 

7*30 

8-20 

15-44 

7-31 



The Lymph examined in the analyses mimbored i. and ii. was ob- 
tained from the thigh of a healthy woman 3!) years of age ; th^ m 
No. III. from a wound on the dorsum of the foot; that in No. iv. from 
a saccular dilatation of a Lymph-vessel of the spermatic cord; and that 


cleated cells imbedded in it, and of capillaries, the latter hemg sparingly distnbated lotlie 
follicles, causing them to appear like dear spaces in fine sections, he applies the tenn 
adenoid tissue to the matrix of the follicles, and to the surrounding tissue of the intestinal 
mucous membrane. The Lieberkuhnian Glands are imbedded in this adenoid substaBce, 
and immediately external to them is themusciilar layer (Briicke) of the mucous membrane. 
He believes, lastly, that the cells imbedded in the adenoid substance become blood cor- 
pusclcs* 

* V. Gorup-Besanez, ** Physiologische Cheraie,” 18(52, p. 358 

K 2 
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in No. V. from a lymphatic fistula. Leucine, Sugar, and Urea have been 
found in the Lymph ; the latter in the very perceptible proportion of 0*1 
to 0*2 parts per 1000 (Wurz). 

124. In fasting animals, the composition of the Chyle appears to 
resemble very closely that of the Lymph, but during digestion its quali- 
ties sensibly alter. The following analyses will enable a comparison to 
be made between the Chyle and Lymph : — 


In 1000 Parts. 

Man. 

Cow. 

Horse, 

Thoracic 

Duct. 

Ass, 

Thoracic 

Duct. 

Dog. 

Cat. 

Owen 

Rees. 

Lassaigne. 

Simon. 

Owen 

Bees. 

SChmidt. 

Nasse. 

Water 

904-8 

964-40 

928*23 

902-37 

916*65 

905-7 

Solid residue . . . 

95*2 

35*60 

71*67 

97*63 

83*35 

94-3 

Fibrin ..... 

traces 

0*95 

0-72 

3*70 

2*12 

1*30 

Albumen .... 

70*80 

28*0 

49*89 

35*16 

36*75 

48*90 

Fat 

9*20 

0*40 

4*89 

36*01 

33*02 

32*70 

Extractives .... 

10-8 

0*65 

111 *40 

15*65 

4*03 

— 

Salts 

4-4 

5*70 

f li 

7*11 

8*39 

11*40 


The small proportion which the oleaginous bear to the albuminous 
substances (as in the case of the lymph), in the first three of the preceding 
analyses, is probably due to the circumstance that in these instances but 
little food had been taken for some hours before death. The characters 
of the Chyle drawn from the larger absorbent trunks, near their entrance 
into the lieceptaciilum chyli, are very different from those of the fluid 
first absorbed into the Lacteals; for during its passage through these 
vessels and the Mesenteric glands, it undergoes important alterations, 
which gradually assimilate it to Blood. The chyle drawn from the 
lacteals that traverse the intestinal walls contains Albumen in a state 
of complete solution ; but it is generally destitute of the power of coagu- 
lation, no Fibrin being present in it. The Salts, also, are completely 
dissolved ; but the Oily matter presents itself in the form of globules 
of variable size.* It is generally supposed, that the milky colour of the 
chyle is owing to these ; but Mr. Gulliver has pointed outf that it is 
really due to an immense multitude of far more minute particles, which 
he describes as forming the molecular base of the chyle. These 
molecules are most abundant in rich, milky, opaque chyle ; whilst in 
poorer chyle, which is semi-transparent, or opaline, the particles float 
thinly or separately in the transparent fluid, and often exhibit the vivid 
motions common to the most minute molecules of various substances. 
Such is their minuteness, that, even with the best instruments, it is 
impossible to form an exact appreciation either of their form or their 

* These oily globules are more abundant in the Chyle of Man and of the Carnivora 
thah in that of the Herbivora ; their diameter has been observed to vary from 1-26, 000th 
to 1 -2000th of an inch. 

+ “G-erber’s General Anatomy,'* Appendix, p. 88 ; and “Hewson’s Works*’ (Syden- 
ham Society Edition), notes to pp. 82-88 ; and College Lectures in “Med. Times and 
Gazette,** 1863. 
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dimensions. They seem, however, to be generally spherical^ and their 
diameter may be estimated at between 1-36, 000th and l-24,000th of an 
inch. Though remarkable for their nnchangeableness, when subjected to 
the action of numerous re-agents which quickly affect the proper Chyle- 
corpuscles, they are readily soluble in ether, the addition of which causes 
the whole molecular base instantly to disappear, not a particle of it 
remaining ; whence it may be inferred that they consist of oily or fatty 
matter. That they do not ordinarily tend to coalesce is probably due to 
the coating of albumen which they obtain through their diffusion in an 
albuminous fluid ; if, however, this be dissolved by acetic acid, or even 
by the addition of water, many of the molecules are lost sight of, and oil- 
drops appear in their place. The milky colour which the Serum of blood 
sometimes exhibits in healthy subjects is due to an admixture of this 
molecular base with the circulating fluid. 

125. During the passage of the Chyle through the absorbents on the 
intestinal edge of the mesentery, towards the Mesenteric Glands, its cha- 
racter changes in several importont particulars. The presence of Fibrin 
begins to manifest itself, by the slight coagulability of the fluid when 
withdrawn from the vessels ; and a few Chyle-corpuscles make their 
apj^earance. The diameter of these bodies varies from 1-7 11 0th to 
l-2G00th of an inch : the average being about 1-4 600th. The smallest 
among them (Fig. 30, 5, c) seem to be in the condition of nuclei ; in those 
a little larger (cZ, e), the cell-wall is beginning to be differentiated from 
the nucleus; whilst in those of greatest diameter (/, /?, /), the cellular 

character is very distinct, and the nucleus may be plainly seen in the 
interior, especially after the addition of a little water or acetic acid. 
They occasionally exhibit curious changes of form (a, a) ; in this resjiect 
corresponding with the Colourless corpuscles of the blood, which are 
probably the same bodies in a more advanced stage. A great increase 
in the number of these corpuscles is api)arent in the fluid of the efferent 


Fig. 30 . 


lacteals; and there is also a 
further augmentation in the 
proportion of Fibrin. — The 
Chyle drawn from the lacteals 
that intervene between the 
Mesenteric glands and the Ke- 
ceptaculum, possesses a pale red- 
dish-yellow colour ; and, when 
allowed to stand for a time, it 
undergoes a regular coagulation, 
separating into clot and serum. 

The former is a consistent gela- 
tinous mass, which, when exa- 
mined with the microscope, is 
found to include the Corpuscles, 'ISeSs Bummfded?/ 

each of them sunounded by a 

ueiicate nlm of oil ; the Fibrin of water , t, similar ceil alter addition ot acetic acid, 
of which it is principally com- 
posed differs remarkably from that of the Blood in its inferior tendency 
putrefaction; whence it may be inferred that it has not yet undergone 
its complete vitalization. The serum contains the Albumen and Salts in 



Chyle-corpuscles in various phases —a, a, stellate form 
alter escape of their contents; 6, 6, free 
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solution, and a proportion of the Corpuscles suspended in it. It is 
curious, however, that considerable differences in the perfection of the 
coagulation, and in its duration, should present themselves in different 
experiments. Sometimes the chyle sets into a jelly-like mass, which, with- 
out any separation into coagulum and serum, liquefies again at the end of 
half an hour, and remains in this state. This change takes place in the 
true coagulum also, if it be kept moist for a sufficient length of time. — 
The Chyle from the Receptaculum and Thoracic duct coagulates quickly, 
often almost instantaneously ; and few or none of the corpuscles remain 
in the serum. The fluid drawn from the Thoracic duct, and from the 
Absorbent vessels which empty their contents into it, is frequently ob- 
served to present a decided red tinge, which increases on exposure to the 
air. This tinge appears to be due to the presence of Red blood- 
corpuscles in an early stage of formation.* The ordinary corpuscles, 
moreover, have a more distinctly cellular character than have those of 
the chyle and lymph, and they are of larger size, their diameter usually 
ranging from about l-2G00th to 1-2 900th of an inch : in these parti- 
culars, they correspond with the Colourless corpuscles of the Blood; 
as also in the change they exhibit on the action of acetic acid, which 
brings into view three or four large central particles. 

126. From the observations made by Bidder and Schmidt, j* on the 
quantity of fluid discharged Irom the thoracic ducts of dogs and cats im- 
mediately after death, it is inferred by them that the total amount of 
mingled lymph and chyle which is daily poured-into the Subclavian vein 
of Man is no loss than 28f lbs., or considerably more than the entire mass ol 
the blood, — its solid constituents, however, being not more than from one- 
fourth to one-third the amount contained in the blood. Of the whole 
quantity thus discharged, it is estimated that only about lbs. would be 
chyle derived from ingested aliment ; the remainder being lymph, which 
has passed-out of the blood-current in the course of its circulation, only 
to be returned to it again. The quantity of lymph which can be obtained 
from the head and neck of the dog is estimated by KrauseJ at one-third, 
and by Weiss§ at one-flfth of the weight of those parts; but these pro- 
portions are probably too high for the body generally ; other experiments 
of Weiss showing that it varies from one-fifth (after an abundant supply 
of milk) to one-twelfth of the total weight. 

127. The movement of the fluids taken-up by the Absorbent vessels 
seems to depend upon a combination of different agencies. The lowei 
Vertebrata are provided with ^lyn)j)hatic hearts,’ or pulsatile cavities, 
by which important assistance is given in the onward flow ; but no such 
aid is afforded in Man or in the Mammalia ; yet it is obvious that a con- 
siderable vis a ter go must exist, since, if the thoracic duct be tied, it is 
speedily distended below the ligature, even to bursting. In the Lymphatics 
as well as in the Lacteals of the higher animals, the onward course of the 
contained fluids is, however, probably aided by the contraction' of the un- 
striped muscular tissue in their walls, assisted by the action of the valves; and 

* See Mr. Gulliver’s Lecture iii , “ Med. T. and Gaz.,’’ vol. ii. 1863, p. 449. 

f “ Verdauungssdfte uud Stoffwechsel,” §§ 224, 285. 

t “Zeitschrift f. Rat Med.,” N. F., band vii. p. 148. 

g “Dibscit. Inaug.,” Doipat, 1860, quoted in Funl^e, ** PhyBiol.,” 4tli edit.,18G3, 
p. 396. 
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to this perhaps we may attribute the emptiness of the absorbent system 
which usually presents itself some little time after death. Moreover, in 
all the movable parts of the body, assistance is afforded (as it is to the 
circulation in the veins) by the occasional pressure exercised upon the 
lymphatic vessels by the surrounding tissues ; for while this pressure is 
operating it will tend to empty them of their contents, which are only per- 
mitted by the valves to pass in one direction ; and when the pressure is 
relaxed, they will be relilled from behind. In the lacteals, special agents 
for the propulsion of the chyle exist in the muscular fibres contained 
within the villi, which constitute so many minute force-pumps that are 
perhaps stimulated to action (as suggested by Schiff) by the irritating 
properties of the bile. When the lacteal and lymphatic fluids have arrived 
at the thoracic duct, besides the forces already mentioned, their flow 
receives an additional impetus from a vis a fronts derived in part from 
the suction-power exerted by the rapid movement of the blood in the sub- 
clavian veins, the influence of which may readily be proved experimentally, 
and partly from the negative pressure exerted upon the walls of the duct 
during tlie period of inspiration, the opposing influence of expiration being 
neutralized by the valves. Noll* found the pressure in the larger lymph- 
atics of the neck in cats and dogs to be equal to that of a column of water 
varying from J to 1 J inch in height (10—30 min.), but it is probably 
much higher in the smaller vessels. The rapidity of the current in the 
lymphatics of the neck is stated by Weiss to be about one-sixtli of an inch 

per second. ^ i • 

128. Since the blood-vessels constitute a closed system of canals inter- 
posed between the histological elements of the various organs, a continual 
process of transudation must take place through their walls, in order that 
the fluids appropriate to the nutrition of the different tissues maybe 
supplied in due proportion to their requirements. This effect is pro- 
bably in part the result of the operation of the laws of Osmosis, which 
are here made subservient, not only to the passage ol the nutrient materials 
of the blood outwards, but also to the introduction of the products of disin- 
tegration into the circulating fluid for the purpose of being ultimately dis- 
charged by the excretory organs. But the main agent in the Process appears 
to be the constant and considerable pressure exerted by the hlood agains 
the inner surflice of the vessels, effecting a filtration of its fluid portions 
into the irregular cavities and interspaces of the connective tissue, which 
are now believed to constitute the true origin of the Lymphatics, ihis 
view receives support from the experiments of 


view reeeivea i « j *.1. 

that the inicction of serum into the vessels immediat^y a er ea > 
ordinary pressure of the blood, is foUowed by^ the filtration of a fluid 
closely analogous to lymph in its characters, which can rea i y e o i 
from the lymphatic vessels, f And there is abundaifl evi ence os 
that those circumstances which tend to increase t ® 
capillaries, either by forcing more blood into the par or y p 

solid residue, and that obtained from the Lymphatics from P 

is about the proportion in ordinary lymph. . * 1,0 “Med.-Chir. 

: As was effected by Mr. Robinson in his experiment recorded m 
Trans.,-' vol. xxvi. p. 61, when the Aorta just 
and also one of the renal arteries, were tied, and albume 
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ing its return by ligature or pressure applied to the veins (provided that 
complete stoppage of the current of the blood is not produced), are followed 
by an increased discharge of lymph from the larger absorbent vessels. It 
is easily intelligible that various other causes besides pressure may influ- 
ence the quantity and quality of this fluid, which, as Milne-Edwards* 
observes, is poured forth to irrigate the various organs of the body ; for 
besides the important condition of the quality of the blood (with the effects 
of variations in which we are but imperfectly acquainted), differences in 
the thickness of the walls of the vessels and of the external pressure to 
which they are subjected, may to some extent be the causes of those 
differences in the nature of the transudate observed in Hydrocephalus, 
Ascites, and Hydrocele. j* — The influence of the Nervous system on the 
formation of lymph has been studied by Krause and Tomsa ; from whose 
experiments the conclusion may be drawn, that the nervous system exerts 
little or no direct, but frequently a well-marked indirect influence on the 
amount produced in a given time. Thus, whilst Tomsa found that irrita- 
tion of the nerves proceeding to the testicle produced no alteration of the 
quantity, Krause observed, on excitation of the portio dura, a considerable 
increase in the flow ; the difference being clearly the result of the inter- 
mittent pressure of the muscles in the parts traversed by the lymphatics 
in the one instance, and the entire absence of muscles in the other. 

129. Vascular or Ductless Glands. — There is reason to believe that 
the office performed by certain bodies connected with the Sanguiferous 
system, which possess the essential elements of the Glandular structure 
without any efferent ducts, is to restore to the circulating current any 
substances which they may withdraw from it ; and there seems adequate 
ground, therefore, for the conclusion, that their action, whatever it may 
be, is subsidiary to the process of Sanguification, — being exercised, per- 
haps, upon that portion of the nutrient materials more especially, which 
did not traverse the Absorbent system when first introduced, but which 
was directly taken-up by the Blood-vessels. The organs in question are 
the Spleen, and the Thymus, Thyroid, and Supra-renal bodies. Of these, 
the Spleen deserves especial notice, on account of its size and its obvious 
functional importance in the adult; the others appearing to minister 
more particularly to the requirements of the system at the earlier periods 
of life. 

130. The minute structure of the Spleen has recently been made the 
subject of careful research by many excellent Microscopic observers; and 
the following are the most important points which may be considered to 
have been established by their labours — 

ance in the urine, being as it were forced by the increased pressure in the remaining 
renal artery, through the delicate filter formed by the walls of the vessels in the Mal- 
pighian tufts. 

* See his excellent chapter on Transudation in the Lemons sur la Physiologie,’* 
vol. iv. 1859, p. 391—446. 

f See Hale’s HaBmastatus,” pp. 118-119. 

X See Kblliker, “Cyclopaedia of Anatomy and Physiology,” vol. iv.. Art. ‘Spleen 
and “ Mikroskopische Anatomie,” band ii. §§ 183-189. Sanders, “ Goodsir’s Annals 
of Anatomy and Physiology, ” No. 1 ; and “Edin. Monthly Journal,” March, 1852, 
p. 286. Wharton Jones, “Brit, and For. Med.-Chir. Review,” vol. xi. p. 32. 
Huxley, “ Quarterly Journal of Microscopical Science,” vol. ii. p. 74 ; and Translation 
of Kolliker’s “ Manual of Human Histology” (Sydenham Society), vol. ii. p. 144. Gray, 
“On the Structure and Use of the Spleen” (Astley- Cooper- Prize Essay, 1864). Remak, 
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I, fibrous coat in Man is composed of white fibrous tissue, with 
an intermixture of yellow or elastic fibres, and perhaps a few fusiform 
non-striated muscular fibre-cells ; which, however, are much more nume- 
rous in many of the lower animals. The trabecular tissue consists of 
bands and threads of fibrous tissue, which arise from the inner surface of 
the fibrous envelope, and form a network that extends through the entire 
organ, becoming connected also with the fibrous sheaths of the vessels 
which penetrate it. These bands are partly muscular in those animals 
which have muscular fibres in the external envelope ; but elsewhere they 
are simply fibrous. The spaces left by their intersection, which are by 
no means regular as to either form or size, are occupied by the splenic 
corpuscles and splenic parenchyma. 

II. Of the Arteries of the Spleen, it is chiefly to be observed that their 
branches form no anastomoses, but subdivide and ramify like the branches 
of a tree, with the Malpighian corpuscles attached to them as fruit (Fig. 
31). Beyond their connection with these, however, they enter the general 
mass of the splenic parenchyma ; and here each twig subdivides into a 
tuft of arterioles still more minute, which again subdivide into the true 
capillaries. — The Capillaries^ bounded only by their very thin walls, pass 
in every direction through the spleen-pulp, both in the general mass of 
the organ, and also in the interior of the Malpighian corpuscles. But it 
is affirmed by Mr. Gray, that in the Spleen of Man and of many other 
animals, the walls of the capillaries frequently disappear, and that the 
blood, in passing from the minutest arteries to the minutest veins, moves 
in great part through lacance^ or mere channels in the pulp-tissue. — Of 
the Veins, the idea has been generally entertained, that they are dilated 
into cavernous spaces or sinuses ; but this, though true of many of the 
lower Mammalia, especially of ruminants and diving animals, is the case 
to only a very limited extent in Man. Their mode of ramification 
closely resembles that of the arteries ; and they are unprovided with 
valves. 

HI. The Parenchtjma of the Spleen essentially consists of colls in 
various stages of evolution, imbedded in a granular plasma ; thus corre- 
sponding in every essential particular with the contents of the Peyerian 
and Absorbent glandula 3 (§ 122), and giving evidence, as they do, of 
being in a state of rapid developmental change. The amount of this 
colourless parenchyma is stated by Mr. Gray to imdergo a marked 
increase towards the end of the digestive process, when a large quantity 
of new alimentary material is being introduced into the sanguiferous 
current ; whilst, in the intervals of this operation, it undergoes a gradual 
diminution. — The peculiar Splenic Corpuscles, or ‘ Malpighian bodies 
of the Spleen,’ are whitish spherical bodies, which are connected with the 
smaller arteries by short peduncles, like grapes with their fruit-stalks, or 
are sessile upon their sheaths (Fig. 31). Their diameter usually varies 
between l-3rd and l-6th of a line; smaller bodies, however, axe met 
with, which appear to be Malpighian corpuscles in an earlier stage of 

^ Ueber runde Blut-gerinnsel und iiber Pigment-kagelhaltige Zellen, in J^Mtillers 
Archiv,” 1852. Leydig, “ Anatoraische-Histologische Untersuchungen iiber Fische 
and Reptilien,” 1853. Billroth, “Archiv fur Pathologische Anat.,’’ band xx. 
P. 409 and 528; “Archiv f. Anat. und Physiolog.,” 1857, p. 88. ^Kowalowaky, 
“Virchow’s Archiv,” 1861, p. 203. 
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evolution. The boundary of each is an indistinctly-fibrous membrane, 
which appears to be partly formed by the metamorphosis of the external 

cells of its contained paren- 
Fio. 81 . chyma, and to be partly derived 

from the fibrous coat of the 
artery to which it is attached.* 
And its contents correspond, 
in every essential particular, 
with the colourless parenchyma 
in which they are imbedded. 
Their walls are covered with 
a plexus of capillaries, and 
branches from these traverse 
their interior, just as in the 
case of the Peyerian and 
Absorbent glandulsB. The 
number and size of the Mal- 
pighian corpuscles bear a re- 
markable relation to the general 
state of nutrition ; being much 
the greatest in healthy well- 
fed animals, whilst in those that 
have been ill-fed they diminish 
extremely, and in those that 
have been starved they dis- 
api)ear altogether. Hence it 

Branch of Splenic Artery^ the ramifications of which happened that their exist- 

are studded with Maipiyhuin corpmeUs, cnce in the Human species 

has been denied; the oppor- 
tunity of examining subjects not reduced by previous abstinence, being 
one that comparatively seldom occurs. There is no doubt, however, of 
their normal presence in the spleen of Man, as in that of other Mam- 
malia. — Diffused amidst the colourless parenchyma, but in very variable 
amount, coloured cells are found, some of which are unchanged blood- 
corpuscles, whilst others appear to be blood-discs in various stages of 
retrograde metamorphosis ; gradually diminishing in size, and assuming 
a golden -yellow, brownish-red, or even blackish colour, or having the 
pigmentary matter crystallized in a rod-like form in their interior ; 
or, again, breaking-up into detached pigment-granules. Occasion- 
ally (though very rarely in the Human subject) little clusters of from 
1 to 20 of these degenerating blood-corpuscles are found, included 
in a vesicular envelope. All these bodies are seen in the blood of the 
Splenic vein ; and it has been hence concluded by some, that they do not 
constitute normal elements of the Splenic parenchyma, but that they are 
either contained in its capillaries, or, if actually diffused through the 
pidp, are so as a result of an abnormal extravasation. These conflicting 
views may be reconciled, if, as stated by Mr. Gray, the splenic blood, in 
its passage from the arteries to the veins, normally escapes from the 

* It has been cominonly supposed that the Malpighian corpuscles are invested by c 
distinct limitary membrane, like the acini of ordinary Glands ; but such, from the 
observations of Wharton Jones and Huxley, would clearly seem to be not the case. 
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walled vessels into indefinite channels, traversed by connective tissue 
(Billroth), so that its corpuscles may become diffused through the 
parenchyma without any departure from its regular course ; and it is a 
confirmation of this view, that the amount of coloured corpuscles in the 
spleen-pulp augments with the general turgescence of the vascular 
system, and diminishes with the poverty of the blood, so that, in animals 
reduced by ill-feeding, it disappears altogether, 

IV. The Lymphatics of the Spleen are few and inconsiderable in Man ; 
being less numerous than in other glandular organs, such as the liver and 
kidneys. In some of the lower animals, they are more abundant ; but 
even here they are mostly superficial, and scarcely penetrate to the 
interior of the organ. 

V. The Nerves of the Spleen are apparently very large in some 
animals, especially in the Kuminants ; but the great size of their trunks 
and branches is chiefly due to the large proportion of ordinary fibrous 
tissue which enters them; the number of real nerve-fibres being 
extremely small. 

VI. The chemical composition of the Spleen is indicated by the 
following analysis of Oidtmann : — In 1000 parts were, water, 750*31, 
solid residue, 249*09 ; of the latter, 242*32 parts were organic substances, 
and 7*37 inorganic. Amongst the organic substances, albumen, fats, 
inosite, uric acid, sarkine, xanthine, leucine, tyrosine, and pigment have 
been distinguished. The most remarkable circumstances respecting the 
inorganic constituents are the large relative quantity present of soda, 
salts, and of oxide of iron.* From the observations of Mr. Dobson,f 
which have been corroborated by other observers, it appears that the 
Spleen attains its maximum volume at the time that the process of chymi- 
fication is at an end, namely, about five hours after food is taken ; and that 
it is small and contains little blood seven hours later, when no food has 
been taken in the interval. The removal of this organ from tlie body 
has frequently been performed in animals without serious effects ; in some 
instances perfect regeneration has occurred, which is probably attribu- 
table to the hypertro 2 )hy of the little splenculi so often present in the 
immediate vicinity of the Spleen in others, enlargement of the 
lymphatic glands in various parts of the body, as the neck and iixillaj, 
has been observed. Maggiorani§ has noticed a deficiency in the amount 
of iron contained in the blood-corpuscles ; and in the dogs operated on 
by Dr. Dalton || an unnatural apj)etite and a ferocity of disposition were 
exhibited. 

131. The history of the development of the Spleen, which has been 
recently studied with much care by Mr. Gray,!" presents facts of great 
interest, as aiding in the determination of the functional character of 
this organ, and of the nature of its component parts. — It arises in the 
Chick between the 4th and 5th days of incubation, in a fold of mem- 
brane which connects the intestinal canal to the spine (the ‘intestinal 
lamina ’), as a small whitish mass of blastema, perfectly distinct from 

* v. Gorup-Besanez, “Physiolog. Chemie,” 1862, p. 660. 

+ “bond. Med. aud Phys. Journ.,’’ Oct., 1820. 

+ Phillipeaux and Mayer, “C. Kendus,” 1861, p. 547. 

§ “Comptes Rendus,” 1861, p. 319. ll Human Physiology,” 1862, p. 193. 

II ‘On the Development of the Ductless Glands in the Chick,’ in “Philosophical 
Transactions,” 1852, p. 295 ; see also his Prize Essay. 
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both the stomach and the pancreas ; from the former of which it has 
been said by Bischoff, and from the latter by Arnold, to take its origin. 
The external capsule and the trabecular tissue are developed between 
the 8th and 9th days : the former as a thin membrane composed of 
nucleated fibres; the latter consisting of similar fibres, which intersect the 
organ at first sparingly, and afterwards in greater quantity. The blood- 
vessels of this organ are formed within itself, independently of those 
which are exterior to it; and blood-corpuscles are also observed to 
originate in the substance of its blastema, their formation continuing 
until its connection with the general vascular system is completed, 
at which period their development appears to cease. — The pulp-tissue, at 
an early period of its formation, closely corresponds with that of the 
Supra-renal and Thyroid bodies in their earliest stages of evolution; con- 
sisting of nuclei, nucleated vesicles, and a fine granular plasma. When 
the splenic vessels are being formed, many of these nuclei are surrounded 
by a quantity of fine dark granules, arranged in a circular mode ; and 
these appear to be developed into nucleated vesicles, of which, when the 
splenic vein is formed, nearly the whole pulp is composed; the nuclei of 
these subsequently break-up into a mass of granules, which fill the cavities 
of the vesicles. The Malpighian corpuscles are developed in the pulp, at 
the angles of division of the smaller blood-vessels, by the aggregation of 
nuclei into circular masses, around which a fine membrane is subsequently 
formed. — Thus during foetal life we have evidence of a process of cell- 
growth and maturation, followed by cell-destruction, in the colourless 
parenchyma. The largest proportional size and the greatest functional 
activity of the Spleen, however, seem to be exhibited during adolescence 
and the most vigorous period of adult life. 

132. The Supra-Renal bodies in Man and most Mammalia, present, 
like the Kidneys, a division into cortical and medullary substances ; the 
former having a lighter hue than the latter. — The cortical substance is 
principally formed of a stroma of connective tissue, so arranged as to 
leave a series of oval spaces, lying end to end;* which spaces are filled 
with a finely-granular plasma, containing a large amount of fat-j^articles, 
with nuclear corpuscles, and more or less completely-formed cells. 
Isolated cells of a larger size are found in the stroma of the inner part 
of the cortex, in which the linearly-arranged spaces do not exist. — The 
medullary substance consists of a basis of fibrous tissue, which is formed 
by processes that come-off from the sheath of the cortical substance, and 
which contains numerous blood-vessels and nerves. The interspaces of this 
tissue, however, are occupied by a granular plasma, in which are nuclei 
and cells in various stages of development ; and the recent observations 
of Kblliker upon the nature of these cells, which are confirmed by the re- 
searches of Ley dig (op. cit.) upon the corresponding organs in the Amphibia, 
seem to indicate that they are really ganglionic in their character. Both 
the cortical and the medullary substances receive a large supply of blood. 

133. Though Brown-S^quard*!* found that ablation of the Supra- 

* This is the account given by Kolliker (“ Mikroskopische Anatomie,” § 220), who con- 
fidently states that the spaces are not bounded by a proper limitary membrane, and are 
therefore not gland-vesicles, as supposed by Eoker and Frey, whose views of their nature 
will found in the Art. *Supra-Renal Capsule’ in the ‘‘Cyclop, of Anat. and 
, Physiol.,” vol. iv. 

t “Journal de la Phys.,” vol. i., 1868, p. 160. 
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renal Capsules was tmiformly fatal, yet Phillipeaux,* Harley, f and 
Gratiolet| have shown that this effect is rather attributable to hsemorrhage 
^nd the unavoidable injury to the nerves, and especially to the semilunar 
ganglia, attendant upon the operation, than, as Brown- S^quard believed, to 
the retention of some poisonous substance in the circulation, which it is 
the office of these bodies to remove. Of late years much importance has 
been attached to the study of the diseases of these organs, from the observa- 
tions of Dr. Addison, that such cases are frequently associated with the 
deposition of pigment in the skin, causing it to assume a deep bronze 
colour. Harley, Parkes, and many others have, however, shown that 
bronzing of the skin may be present and yet the supra-renal capsules be 
healthy ; § whilst Dr. Kirkes, Davy, and others have recorded cases in 
which disease was present in one or both of these organs, yet no bronzing 
of the skin occurred. || Further inquiry is therefore requisite to deter- 
mine whether the disease of the capsules and the discoloration of the 
skin really stand in the relation of cause and effect. 

134. The development of the Supra-Renal bodies also has been studied 
by Mr. Gray (loc. cit.). He states that they arise on the 7th day of 
incubation, as two separate masses of blastema, situated between the 
upper end of the Wolffian bodies and the sides of the aorta ; being totally 
independent (as concerns their development) of those bodies and of each 
other. At this period, their minute structure bears a close resemblance 
to that of the spleen, consisting of the same elements as that gland, 
excepting in the existence of more numerous dark granules, which give 
to the organ at a later period an opaque and darkly-granular texture ; 
and the general history follows a very similar course : the Supra-renal 
capsules, however, acquiring their characteristic structure, and attaining 
their largest relative size, so early in foetal life, as to surpass the Kidneys 
in dimension up to the tenth or twelfth week of Human embryonic 
development ; though they afterwards diminish so much, relatively to 
the Kidneys, as to possess in the adult condition only l-28th part of their 


bulk. 

135. The general structure of the Thymus Gland may be best 
understood from the simple form it presents, when it is first capable of 
being distinguished in the embryo. It is then solid,^ but soon breaks 
down in the central part so as to form a single tube, closed at both ends, 
and filled with granular matter ; and its subsequent development consists 
in the lateral growth of branching off-shoots from this central tubular 
axis. In its mature state, therefore, it consists of an assemblage oi 
hollow glandular lobules, united together by connective tissue; and 
their cavities all communicate with the central reservoir , from w ic , 
however, there is no outlet (Figs. 32, 33). Each lobule is oun e 
externally by an indistinctly-fibrous or almost homogeneous membr^e 
(Fig. 34, a), which sends prolongations (h) into its substance, that 
divide it into ^ acini ’ or gland-granules. Isolated gland-gran es o 
the same kind are frequently to be met-with on the main canal (I ig. 
32, c.). The parenchyma of each lobule is made-up of a greyish- white, 


+ ‘<Med.-Chir. Rev.,” 1858, vol. i. p. 209. 
8 “Med. T. and Gaz.,” 1868, p. 504. 

II “Med. T. and Gaz.,’’ 1857, p. 35 ; 1859, p. 30. 

H Jendrassik, “ Sitzungsbericht d. Wien Akad., 1866, ban ■ P- 


* “Comptes Rendus,” 1856-57. 
t ‘‘Comptes Rendus,” 1856. 
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easily-lacerable substance, which, when examined microscopically 
is found to consist of free nuclei and minute cells; and it is traversed bj 
a minutely- distributed capillary plexus ; thus resembling, in every respect 
save the presence of a central cavity, that of thePeyerian bodies (§122).^ 


Fig. 82. 


Fio. 33. 



Portion of Thymue of Calf^ un- 
folded — a,Tnaiucanal; 6,j?landular 
lobules ; c, isolated gland-granules 
seated on the mam canal. 



Section ot Jfnman Thymnn, showing 
the large cavity in the wide portion, 
and numerous orihces leading to its 
lobular cavities 


Cells and nuclei resembling those of the parenchyma are also found in th 
cavity of the lobule ;t from which, indeed, the parenchyma is not separate 
by any distinct limitary membrane. The chemical constituents of th 
Thymus are water, albumen, gelatine, sugar, fats, leucine, sarkine, xantliic 
formic, acetic, succinic, and lactic acids, and the ordinary inorganic salts. 
— The Vascular supply of this organ, during the period of its functions 
activity, is extremely abundant. The arterial trunks penetrate to it 
central cavity, and form a close reticulation in the delicate pellicle c 
connective tissue with which it is lined ; from the several points at whic 
the lobular cavities open, numerous vessels arise from this plexn 

* See Prof. Kolliker’s * ** Mikroskopische Anatomie,” § 208, from which the abo\ 
acconnt is chiefly derived ; also Mr. Simon’s “Physiological Essay on the Thymus Gfland. 

+ See Mr. Gulliver’s Lecture iv., “Med. Times and Gaz.,” 1863, vol. ii. p. 60S. 

i See Friedleben, in the “ Journal de la Physiologie,” 1869, p. 137 ; and v. Goruf 
Besanez, “Phys. Chemie,” 1862, p. 666. 
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(Fig. 34), passing along their internal surface ; and from these is derived 
the capillary plexus which traverses the substance of each gland-granule, 
but which does not pass as far as its external surface, returning by loops 
before it reaches its fibrous envelope. The Lymphatics of the Thymus 
are large, and communicate directly with the Vena Cava; but their 
immediate connection with the cavity of the Thymus body, though 
highly probable, has not been demonstrated.— It has been commonly 
stated, that the Thymus attains its 


greatest development, in relation to the 
rest of the body, during the latter part 
of foetal life ; and it has been considered 
as an organ peculiarly connected with 
the embryonic condition. But this is 
a mistake ; for the greatest activity in 
the growth of this organ manifests 
itself, in the Human infant, soon alter 
birth; and it is then, too, that its 
functional energy seems the highest. 
This rapid state of growth, however, 
soon subsides into one of less activity, 
which merely serves to keep-up its 
proportion to the rest of the body; 
but its increase is continuous till the 
age of puberty is attained (Friedleben). 
From that time, during a variable 
number of years, it remains stationary 
in point of size ; but, if the individual 
be adequately nourished, it gradually 
assumes the character of a mass of fat, 
by the development of the corpuscles 


Fio. 34. 



of its interior into fat-cells, which 


4 


secrete adipose matter for the blood. 
This change in its function is most 
remarkable in hybernating Mammals; 
in which the development of the 
organ continues, even in an increasing 


Transverse scctien throuf?h an injected 
lolmlc ol the Thymuti in a child — «, mem- 
branous investment of the lobule j mem- 
brane of the gland-granules; c, cavity of 
the lobule, from winch the larger vcbsels 
branch-out. 


ratio, until the animal reaches adult age, when it includes a large 


quantity of fatty matter. The same is the case, generally speaking, 


among Reptiles. 


136. The Thyroid body differs from the other Vascular Glands in its 
elementary structure ; for it essentially consists of an aggregation of 
closed vesicles (Fig. 35, 5, which seem to be furnished with a true 
limitary membrane, and therefore to be real gland- vesicles, imbedded in a 
stroma (a, a) of connective tissue, and not communicating with any com- 
mon reservoir. These bodies vary in diameter, in the Human subject, from 
1-2 000th to l-85th of an inch; and they contain an albuminoid plasma,* 
which is either faintly granular or of a somewhat oily aspect, amidst 
which are seen a number of corpuscles, the greater part of them in the 


* That the fluid does not contain true Albumen in solution, but some albuminous 
compounds, is indicated by the results of Dr. Beale’s analysis (‘‘ Cyclop, of Anat. and 
Fhysiol.,” vol. iv. p. 1106 ). 
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condition of nuclei, whilst some ha^e advanced to that of cells. These 
corpuscles, however, seem rather to occt^y the position of an epithelium 

(c, c) within the vesicles, 
than to float freely in 
their contained fluid. — 
The vascular supply of 
the Thyroid body is ex- 
tremely abundant ; and, 
as in the preceding in- 
stances, the subdivisions 
of its arteries form a very 
minute capillary plexus 
upon the membrane of 
the vesicles. The Lym- 
phatics, though abun- 
dant, have not been traced 
far into its substance. 
— The Nerves are scanty, 
accompany the vessels, 
and are derived from the 
cervical parts of the sym- 
pathetic. — The develop- 
ment of the Thyroid 
body has been shown by 
Mr. Gray (loc. cit.) to be 
closely accordant with 
that of the ^ductless glands’ already described. This body originates in 
two separate masses of blastema, one at each side of the root of the neck, 
close to the separation of the carotid and subclavian vessels, and between 
the trachea and the branchial clefts, but quite independent, as far as 
regards their development, of either of those parts ; their minute structure 
at an early period closely corresponds with that of the spleen and supra- 
renal glands. This body, like the Supra-renal and Thymus, is of larger 
relative magnitude during intra-uterine existence and infancy, than in 
after-life, 

137. That the Ductless or Vascular Glands,* of whose peculiar struc- 
ture and relations we have thus taken a general survey, have some office 
of importance to perform in the preparation and maintenance of the blood, 
cannot any longer be reasonably questioned ; and the determination of 
this point may be fairly regarded as a considerable step in the investiga- 
tion. It is obvious, from the very copious supply of blood which they 
receive during the period of their functional vigour, and from the manner 
in which this is distributed by minute capillary plexuses, on the exterior, 
and even through the interior, of the glandular vesicles, that it must be 
subservient to some process of active change ; and the aspect of the con- 
^nts of these vesicles, as well as of the substance in which they are 
imbedded, indicates that cell-growth is rapidly proceeding, at the expense 
of the materials thus afforded. But, on the other hand, that the products 

•According to Ecker (Art. ‘ Blutgefkssdniseu’ in “Wagner’s Handworterbueh,” 
band iv.), the Pituitary body has the same essential structure as the vascular glands in 
general j having vesicles containing a finely -granular blastema, with nuclear particles, 
imbedded in a fibrous stroma. 


Fio. 35. 



Group of gland-vesicles from the Thyroid Gland 
of a Child —a, connective tissue , b, membrane of 
the vesicles , c, epithelial cells. 
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of this ceU-growth are not subStoces, which, like those of the ordinarv 
glands, must be separated from the blood, either for its purification or to 
serve some special purpose in the economy, appears from the fact that 
they are not carried-offby ducts ; but are received again into the current' 
of the circulation. With the exception of the Spleen, all the ductless ‘ 
glands thus discharge their products at once into the general venous cir- 
culation ; so that, after having passed through the lungs, they will be 
carried by the systemic arteries through the system at large: but the 
splenic vein, it will be remembered, forms one of the roots of the portal 
trunk ; and its blood must thus pass through the liver, before it enters 
the vena cava. 

138. Whatever materials, then, are withdrawn from the blood by these 
organs, are returned to it again in an altered state ; and it may fairly be 
inferred from this circumstance, that the change which they have under- 
gone is one that prepares them for higher uses in the economy. For 
as the blood which has received them is immediately transmitted to the 
system (except in the case of the sj^lenic blood), without having passed 
through any other depurating organ than the lungs, it appears fair to 
conclude that the products which it has taken-up in these organs are 
either comhustive or nutritive^ 2 .e., either serve to maintain the functional 
activity of the lungs, or of the system, or of the blood itself. Now that 
they are not destined to prepare a pabulum for respiration, appears from 
the very small quantity of fat which is found in their substance, except 
when their period of functional activity has gone-by. On the other 
hand, the albuminous nature of the plasma, and the finely-granular 
appearance which it presents, strongly indicate that a material is here in 
progress of preparation, which is to be rendered subservient to the for- 
mative operations. Various facfe which have been noticed in regard to 
the changes in the bxilk of the Thymus in young animals (and particularly 
its rapid diminution in over-driven lambs, and its subsequent gradual 
re-distension during rest, if plentiful nutriment be afforded), lead to the 
conclusion that such is almost undoubtedly the function of that body. 
And such would also seem to be the justifiable inference from the 
researches of Mr. Gray on the Spleen : for the correspondence in the 
amount of the colourless parenchyma of that organ (and especially of its 
Malpighian corpuscles) with the general state of nutrition of the animal, 
its regular increase (in well-fed animals) near the completion of the 
digestive process, and its gradual diminution in the subsequent interval, 
seem to indicate that the Spleen, like the Thymus of the young animal, 
is a storehouse of nutritive material, which may be drawn-upon accord- 
ing to the requirements of the system, just as the fat of the body is a 
storehouse of oombustive substance. And of the exertion of an elabo- 
rating or assimilative action upon this albuminous matter, during its 
withdrawal from the current of the circulation in these organs, we seem 
to have direct evidence, as regards the Spleen, in the large increase of 
the proportion of fibrin contained in the blood drawn from its veins. 
It was formerly supposed that the Spleen acted as a kind of reservoir or 
diverticulum for the portal circulation, the vessels of which were thus 
relieved from undue turgescence, when the alimentary canal was distended 
'with food, and rapid absorption was taking place. Others again were of 
opinion t^t a process of disintegration took place in the blood-corpuscles 

L 



146 


OF ABSORPTION AND SANOUIFICATION. 


which are found so abundantly in the splenic pulp, but the grounds on 
which both these views were supported are scarcely tenable in the present 
state of our knowledge.^ 

139. The results then of all the recent investigations on these organs 
tend to prove that, equally with the Absorbent glands, they supply the 
germs of those cells which are ultimately to become blood-corpuscles. 
Such, it is well known, was the doctrine of Hewson| in regard to the 
Spleen and Thymus gland ; and there are many facts which lend it a 
considerable probability. In the first place, we have seen (§ 130, ii.) 
that there is no difliculty whatever in the admission of such corpuscles 
into the smaller veins of the Spleen, if Mr. Gray’s account of its lacunar 
circulation, which appears to be fully confirmed by the more recent investi- 
gations of Billroth, J be correct; and that there is no physical impossibility 
in the reception of particles of such a size into the interior of oven a closed 
^stem of capillaries, is proved by the very curious facts already noticed 
in regard to the passage of starch-grains into the mesenteric veins (§ 114). 
Secondly, there is an unusual proportion of colourless corpuscles in the 
blood of the splenic vein.§ Thirdly, the period of greatest functional 
activity of these glands generally, is during the state of early childhood, 
wheif the formative processes are going-on with extraordinary activity ; 
and there is at this time a larger pro])ortion of colourless corpuscles in the 
blood, than at any subsequent period, at least in the healthy state. 
Further, as Prof. J. H. Bennett has pointed-out, that peculiar condition 
of the blood, which consists in the multiplication of its colourless cor- 
puscles, is almost always associated with hypertrophy of one of these 
bodies ; and in one case of this kind, in wliich the Thyroid was the 
organ afiiected, its cells and their included nuclei were observed to be con- 
siderably smaller than usual, and the same peculiarity presented itself in 
the colourless corpuscles of the blood. || Plence there seems a strong pro- 
bability, that whilst the plasma of the blood is being elaborated by these 
bodies, a constant supply of new blood-corpuscles is also afforded by 
them;^ and that they thus effect for the nutrient materials directly ab- 
sorbed into the Sanguiferous system, that which the glandulse in connec- 
tion with the Absorbent system accomplish for the substances which it 
has ,taken-up. 

* See * * * § ** Cycl. of Anat. and Physiology,” vol. iv. p. 796. 

f See his Third Series of “Experimental Inquiries,” chaps, iii.-v. 

j “Muller’s Archiv,” 1857, p. 88, and “Virchow’s Archiv,” band xx. p. 410. 

§ See Funke in “Henle’s Zeitschrift, ” 1851, p. 172 ; and Gray, Op. cit., p. 148. 

I) This fact is the more weighty, as, in another case observed by Prof. Bennett, the 
colourless corpuscles of the blood were of two distinct sizes, the smaller corresponding 
with the nuclei of the larger ones ; and the lymphatic glands were found to be crowded 
with corpuscles also of two distinct sizes, exactly corresponding with those of the blood. 
(See ** Edinb. Monthly Journal,” October, 1851.) 

^ This view has been ably supported by Prof. J. H. Bennett, in “Edinb. Monthly 
Journ.,” March, 1852 ; and in his Treatise on “ Leucocythaimia.” 
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CHAPTER V. 

OF THE BLOOD ; ITS PHYSICAL CHARACTERS, ITS CHEMICAL 
COMPOSITION, AND ITS VITAL PROPERTIES. 

1 . General Considerations: — Quantity of Blood. 

140. From the materials supplied in the Food, there is prepared, by 
the Digestive and Assimilative processes described in the preceding 
Chapters, that general nutritive liquid, the Blood, which, in the organism 
of Man (as in that of all the higher Animals) is constantly circulating 
through its vessels during the whole of life. From this liquid, each por- 
tion of the solid tissues has the power of extracting, and of appropriating 
to its own use, the particular components of its substance ; these eithcT- 
pre-existing as such in the blood, or being capable of being readily formed 
from it by a process of chemical transformation. During its circulation, 
moreover, the blood draws into its current the effete particles which are 
set-free by the disintegration of the tissues (prolmbly at the very time when 
it gives-forth the components of the newly-forming structures), and 
conveys them to the various organs which are provided for their elimi- 
nation. Hence the Blood not only contains the materials for the renova- 
tion of the tissues, but also the products of their decay : but there is an 
important difference in the proportion of these two sets of components; 
for whilst the former make-up the principal part of the mass of the duid, 
the latter are only detectable in it with difficulty, so long as the excretory 
organs maintain their normal activity ; and only make their presence 
obvious, when they accumulate unduly, in consequence of the retardation 
or suspension of the eliminating operations. — But besides thus meeting 
the demand occasioned by the constructive operations, and preventing the 
results of the destmetive from exerting an injurious influence on the 
system, the Blood acts (so to speak) as the carrier of Oxygen introduced 
from the atmosphere, to the Muscular and Nervous tissues, to whose 
peculiar vital activity its presence appears to be an essential condition, 
the same element being also required in various other metamorphoses which 
form part both of the constructive and of the destructive operations : 
whilst conversely it imbibes the Carbonic acid, which is one of the chief 
products of the action of oxygen upon the tissues and fluids of the body, 
and conveys this to the lungs and skin for elimination. This product is 
continually being formed in such large amount, that its presence in the 
blood can always be readily demonstrated ; and if its elimination be 
checked for even a few minutes, it accumulates to such an extent as to 
occasion the immediate destruction of life. — But in addition to the 
Histogenetic materials and Oxygen, on the one hand, and the various 
products of the disintegration of the tissues on the other, tlie blood 
contains those non-azotized substances, which are received into it for the 
purpose of supplying the of the Combustive process; and the 

union of their carbon with oxygen introduced from the atmosphere, 
which is continually going-on, becomes an additional source of the pro- 
duction of carbonic acid, and of its injurious accumulation if its elimina- 
tion be checked. 
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141. From this variety in the operations to which the Blood is sub- 
servient, it naturally follows that the changes which it undergoes in 
different parts of its circulation are of a very diversified nature, and that 
the composition of the fluid in the several parts of its course will be far 
from uniform. Between the blood which is being distributed by the 
systemic Arteries to the body at large, and that which is being collected 
from it again by the systemic Veins, after having percolated the tissues, 
there is not only an obvious difference in hue, which indicates an impor- 
tant change, but there is also a considerable difference in composition, 
which is revealed by chemical analysis : and a difference of a converse 
nature presents itself, between the blood that is on its way to be distri- 
buted to the Lungs, and that which is returning from them. So, again, 
although there is no obvious dissimilarity in physical characters between 
the blood which is transmitted to the Liver by the vena portee, and that 
which is carried-off from it by the hepatic vein, yet chemical analysis 
reveals a very remarkable difference in their composition, and shows that 
the blood of the ascending vena cava (above the entrance of the hepatic 
vein), that of the right cavities of the heart, and that of the pulmonary 
artery, differs from all other blood in the body, in constantly containing 
an appreciable quantity of a peculiar substance readily convertible into 
sugar, which is formed in its passage through the Liver. In like manner 
the researches of M. Picard have shown that the blood of the renal vein 
contains a smaller proportion of the chief component of the urinary secre- 
tion, urea,* than that of the renal artery ; and in many other cases of 
blood returning from particular organs we know that important diffe- 
rences must exist, although they have not yet been detected by chemical 
analysis. — In the account to be presently given of the Blood, those most 
general characters and properties will be first described, which it presents 
in all parts of its circulation ; the principal differences which have been 
substantiated in the composition of the blood in the several portions of 
its circuit, will then be noticed ; and, lastly, a summary will be given 
of the most important of those pathological alterations which it exhibits 
in disease. 

142. The quantity of Blood contained in the Human body is probably, 
for a man of average height, from 12 to 15 lbs. ; but its precise deter- 
mination is more difficult than might at first be supposed, and the 
estimates which have been made of it have been most strangely 
discrepant. The entire amount which flows from a large arterial trunk 
freely opened, can by no means be taken as a measure; since, however 
readily it may be permitted to escape, a considerable quantity still 
remains within the blood-vessels, especially if the heart’s action fail 
before the loss of blood has proceeded very far, so that it is not drawn 
from the venous system. A closer approximation may be made by 
opening several vessels at once, which was the method adopted by 
Herbst ;’]■ who estimated the proportion of the weight of the blood to 
that of the entire body to be as 1 : 12 in the Ox, as 1 : 16 in the Dog, 
as 1 : 18 in the Horse, as 1 : 20 in the Goat, Calf, Lamb, and Hare, as 
1 : 22 in the Sheep and Cat, and as 1 : 24 in the Rabbit. With these 
estimates the conclusions drawn by Vanner, from observations made in 

* C. Bernard, “Lemons,” 1869, vol. ii. p. 81 ; Picard, ** These sur rUr6e,” 1866. 

t “ De Sanguinis quantitate, qualishominiadulto etsano convenit.’* Goettingie, 1822. 
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the abattoirs of Paris, pretty closely correspond ; for he was led by them 
to the belief, that for horned cattle in general, the proportion does not 
vary far from 1 : 20.* It is obvious, however, that no such method can 
give more than a minimum ; since, even after the most complete exsan- 
guination that the freest opening of the vessels can permit, a considerable 
quantity of blood is still retained in them, and especially in those of the 
head. Various other methods have been suggested, none of which, 
however, can be considered as yielding more than approximations to the 
truth. That of Vierordt| consists in multiplying the quantity of blood 
which is expelled from the left ventricle at each pulsation of the heart by 
the number of beats which occur whilst the blood performs one entire 
circuit of the body. He estimates the former (highly) at 6*3 oz. av., 
and the latter at 27*7 beats; consequently the total quantity of blood is 
about 12 lbs. av., or between one-twelfth and one- thirteenth of the weight 
of the body. Welcker’s method, termed also the “chromatic” or 
colour ” method, gives nearly the same result for the Dog. It consists 
in first roughly estimating the quantity of blood in the animal by rapidly 
bleeding it to death. The portion that still remains in the small vessels 
is then removed by the injection of pure water, and the whole body of 
the animal is finely minced -and infused. These liquids are mingled, 
and on comparing their tint with a series of previously prepared “ colour 
tests,” the proportion of blood in which is accurately known, a practised 
eye may discern variations in the colour when the difference in the quantity 
of blood does not exceed 4 per cent. An interesting collection of cases has 
been brought together by Haller J of the amount of blood lost by haemor- 
rhage; and two remarkable instances are cited by Burdach,§ from Wris- 
berg, who states that a female who died from violent metrorrhagia had lost 
26 lbs. of blood, and that 24 lbs. were collected from the body of a 
plethoric female who had suffered death by decapitation. In the 
first of these cases, it is probable that, as death could not have been 
immediate^ some increase took place from the absorption of the fluids of 
the body ; in the second, however, the suddenness of the discharge of 
blood, and its concurrence with the destruction of life, must have pre- 
vented any considerable augmentation from this source; and if any 
such increase did take place, it probably did not exceed the amount of 
blood remaining undischarged in the vessels. An important observation 
has been made by Bernard, || that the quantity of blood which can be 
obtained from a fasting animal is scarcely more than one-halt ot that 
contained in its vessels shortly after a full meal : a point to whic moo er 
observer appears to have hitherto paid attention, but which may ^coun 
for some of the discrepancies observable in the different estimates.^ 


* “ Comptes Rendus,” tom. xxviii. p. 649. . , . „ i q onrl ± 

t “Physiologie,” 1861, p. 113. t “Elementa Physiologic, vol. ii. pp. 3 and 4. 
§ “ Traits de Physiologie,” traduit par Jourdain, tom. vi. p. liy* 

t VaTeSs mettVis’fuundedon the diminution in the 
after the injection of a known weight of water into the vessels, 
proportion of the weight of blood to that of body generally as 1 . ( l^pert^ ■ 

Anat. nnd Phys.,” band iii. p. 281). Blake’s method consmted m tte 
definite quantity of some saline compound, as sulphate of alumm , system 

quantitative detemination, in a portion of blood dmwn from 

This means of estimation gives the proportion of blood to that y j ^ 

1 :9 (see Prof. DungUson's “Physiol.,” 7th edit., vol. ii. p. 102), and is m accoruaut 
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2 . Physical^ Chemical^ and Structural Characters oj the Blood, 

143. The Blood as it flows-forth from an opening in a large vessel, is 
an apparently homogeneous liquid, possessing a slight degree of viscidity, 
with a consistence and density somewhat greater than that of water, but 
especially distinguished by its colour which is usually of a bright scarlet 
when it is drawn from an artery, and of a dark purple, sometimes almost 
approaching to black, when it is drawn from a vein. This difference of 
colour, however, is by no means constant ; for arterial blood may some- 
times be unusually dark, whilst venous blood is occasionally so florid 
that it might almost be taken for arterial. The former condition is ob- 
servable, when from any cause the respiratory process is imperfectly 
effected, as in the foetus, and it may be especially noticed during opera- 
tions performed under the influence of anaesthetic agents; it has also 
been remarked by Dr. John Davy, as usually characterizing the arterial 
blood of the inhabitants of hot climates:* but in any of these cases, the 
ordinary arterial hue is acquired by the blood, when it has been 
sufficiently exposed to the air. The florid hue is presented by the 
venous blood of animals which are made to respire pure oxygen ; but it 
seems normal with some individuals whose respiration is peculiarly 
active. It is well marked in the blood ^returning from an actively 
secreting gland, and from a quiescent muscle. f When ordinary venous 
blood is examined in thin layers, it presents a deep red or purple tint by 
reflected light, but by transmitted light it assumes a greenish hue, thus 
presenting the phenomena of Dichroism ; a peculiarity which is not 
possessed by arterial blood (Briicke) : but when the gases of the blood 
are wholly removed by exhaustion, both arterial and venous blood 
assume a deep black colour. J — The specific gravity of the Blood is stated 
by Nassc§ to vary (within the limits of health) between 1050 and 1059 ; 
the average being taken at 1055. The spec. gr. of the Corpuscles is 
about 1088, and that of the fluid in which they float about 1028. The 
chemical reaction of the blood is invariably alkaline, and very important 
purposes are served by this alkalinity. — The temperature of the Blood, 
usually considered to bo about 100° F., has been found by Bernard, || 
in an extensive series of observations made with extremely sensitive ther- 
mometers, to vary several degi*ees in different parts of the body. The 
blood which has the lowest temperature under ordinary circumstances 
is that which has circulated through the cutaneous capillaries, where it 
has been exposed to the cooling influences of evaporation and radiation ; 
though Bernard ascertained that on carefully enveloping the head or 
limbs of an animal in cotton wool, the temperature of the arterial and 
venous blood soon became equalized. The blood of the left ventricle 
again is, for similar reasons, uniformly of a lower temperature than that 
of the right. The highest temperature is attained in passing through 

with the results obtained by Lehmann and Weber in their examinations of the quantity 
of blood discharged from two decapitated criminals (Lehmann, “ Lehrbuch,” 2nd 
edit, band ii. p. 234). 

* “Anatomical and Physiological Researches,” vol. ii. p. 140. — This fact, which 
harmonizes with the inference to be drawn from the observed results of a high external 
temperature in reducing the excretion of carbonic acid (Chap, vii., Sect. 2), is of great 
practical importance. f Bernard, “Lemons,” 1859, vol. i. p. 324. 

X Setschenow, “ Sitzungsberichte d. Kais. Akad. d. Wiss,” xxxvi. 1859. 

§ Wagner’s “ Handworterbuch der Phys.,” Art. ‘ Blut/ band i. p. 82. 

II “ Lemons sur les Liquides de rOrganisme,” 1859, iii., iv., v., vi. 
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glands, muscles, and nerves ; for in all sucli parts, especially during the 
active performance of their functions, energetic processes of oxydation are 
being carried on. Hence the blood of the Vena Portse, which has traversed 
the capillaries of the intestines, spleen, &c., is warmer, especially during 
digestion, than even the arterial blood; and that which possesses the highest 
temperature in the body, and which is frequently 2° or 3° P. above the 
ordinary venous blood, is that of the Hepatic Vein, which has been sub- 
jected to the active assimilative operation of the liver. — When we add that 
the Blood has a saltish taste, and a faint odour resembling that of the 
pulmonary and cutaneous exhalations of the animal from which it is 
drawn, we have enumerated all the characteristics which can be made out 
by the unassisted senses. 

144. WTaen the Blood is examined with the Microscope, however, either 
immediately upon being drawn, or whilst it is yet circulating in the 
vessels of the living body (as in the foot of the Frog, the wing of the Bat, 
or any other membranous expansion of similar transparency), it is seen 
that its apparent homogeneity is not real, but that it consists of two very 
different components. These are, a transparent and perfectly colourless 
liquid which is known as the Liquor Sanguinis^ and a set of Corpuscles 
which are suspended in it : the great mass of these last present a distinctly 
red hue, and it is to their presence alone that the colour of the blood is 
due ; but there are also to be seen, scattered among the red, a few which 
are colourless^ and which differ from the red in some other particulars 
presently to be noticed. — On the otlier liand, when the Blood has been 
drawn from the body, and is allowed to remain at rest, it undergoes a 
spontaneous coagulation, in the course of* which it separates into a red 
Crassamentum^ and a nearly colourless Serum, The ‘ crassamentum ’ 
or ‘ clot ’ is composed of a network of Fibrin, presenting a more or less dis- 
tinct fibrous texture ; in the meshes of which the Corpuscles, both red 
and colourless, are involved, together with a certain amount of serous 
fluid. The ‘ seriun,’ which is the same with the ‘liquor sanguinis’ 
deprived of its fibrin, coagulates by heat, and is therefore known to 
contain Albumen ; and if it be exposed to a high temperature, sufficient 
to decomj)Ose the animal matter, a considerable amount of earthy and 
alkaline Salts remains. — Thus we have four principal components in the 
Blood; Fibrin^ Albumeiij Corpuscles ^ Salim matter. In the 

circulating blood, tliey are thus combined : — 

Fibrin ) 

Albumen > In solution, forming Liquor Sanguinis. 

Salts ) 

Corpuscles, — suspended in Liquor Sanguinis. 

But in coagulated blood, they are combined as follows : 

Corpuscles | Crassamentum, or Clot. 

SaUs^^^ I in solution, forming Serum. 

The change from the one condition to the other is due to the fibrillation 
of the fibrin; which usually takes place so speedily, as to involve the 
Corpuscles floating in the ‘liquor sanguinis,’ before they have tune to 
subside ; although, under various conditions hereaffer to be descriDe , 
it may occur in such a manner that the clot, or a portion of it, is e 
colourless. 
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145. The Red Corpuscles of the Blood (commonly, but erroneously, 
termed ‘ globules’) are minute bodies of a flattened or discoidal form, which, 
in Man, as in most of the Mammalia, have a distinctly-circular outline 
(Figs. 36, 37). In the discs of Human blood (37, i), when this is examined 
in its natural condition, the sides are somewhat concave ; and there is a 
bright spot in the centre, which has been regarded by many as indict- 
ing the existence of a nucleus ; though 
it is really nothing else than an efEect 
of refraction, and may be exchanged 
for a dark one by slightly altering 
the focus of the Microscope (Fig. ^). 
The form of the disc is very much 
altered by various reagents; for, if 
the lied Corpuscles be treated with 
water, or with a solution of sugar, 
albumen, or salt, which is of less 
density than the liquor sanguinis, 
they first become flat, and then 

Red Corpuscles of Human Blood; represented double-COnvex, SO that the Central 
at a, as they are seen when rather beyond the , j. , ,• 

focus of the microscope j and at 6, as they apx>ear Spot disappears; and by a COntlllU- 
when within the focus. ^nce of the same process, they at last 

become globular, and so attenuated 
that a diffusion of their substance seems to take p^ce through the sur- 
roimding liquid. If, on the other hand, they are treated with a thick syrup 
or with a strong solution of albumen or of salt, they assume a shrunken 
appearance ; the first effect of the process being to increase the concavity, 
and to render the central spot more distinct.* It is probable that the 
Blood-corpuscles, even whilst they are circulating in the living vessels, 
are liable to alterations of this kind, from variations in the density of the 
fluid in which they float ; and that such alterations may be constantly 
connected with certain disordered states of the system. I Thus, even 
without such an alteration in the Blood as would constitute disease, its 
proportion of water may be temporarily so much diminished by diuresis 
or excessive perspiration, unbalanced by a corresponding ingestion of 
liquid, that the corpuscles may be made to present a granulated edge ; 
which is rendered smooth again by the dilution of the liquor sanguinis 
with water. We hence see the necessity, in examining the Blood micro- 
scopically, for employing a fluid for its dilution, that shall be as nearly 
as possible of the same character with its ordinary ‘ liquor sanguinis.’ — 
In the accompanying Fig. (37), which shows the form and size of the red 
blood-corpuscles of animals belonging to each division of the Vertebrate 
class, most accurately drawn to scale by Mr. Gulliver, J it will be seen 

* A large number of experiments of this kind were made, and their results accurately 
recorded, by Hewson (see his “Inquiry into the Properties of the Blood,” 1782, and his 
“Description of the Red Particles of the Blood,” 1788), who drew from them the 
inference of the vesicular character of the Red Corpuscles. See also the Lectures of 
Mr. Ancell on the Blood, in the “Lancet” for 1839; the Memoir of Dr. C. 0. 
Rees and Mr. S. Lane, in “Guy’s Hosp. Rep.,” No. xiii. ; and the excellent Lectures 
by Mr. Gulliver, delivered at the College of Surgeons in 1862-63, in “Med. Times 
and Gazette.” 

+ See Dr. G. 0. Rees’s ^Gulstonian Lectures’ in the “Medical Gazette” for 1845. 

t See ^ Proceedings of the Zoolog. Soc. of London,” 1862, p. 101. 


Fig. 36. 
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that whilst in Man and all Mammalia, with the exception of the Camel 
tribe (4), they are circular, and destitute of a nucleus, or apyrense- 
matous,^ in Birds, Eeptiles, and Fish the corpuscles are uniformly 


Fio. 37. 



All the Corpuscles here shown are drawn to a uniform scale of 
the measurements are expressed in tractions of an English inch. x. n. signihes 
diameter; l. d. long diameter, b. d. short diameter. 

MAMMALIA. I ^ n. 1 c. n. | s. n. 


1. Red Corpuscle of Man, seen on the flat surface and 
also on the edge , thickness 1-12,400 . . . 

9 nfRlPnhnnt .... 1-2746 


of Elephant .... 

of Musk Deer .... 

of Dromedary, thickness 1-16,337 

AVES. 

of Ostrich 

Nucleus of ditto . 

of Pigeon 

of Humming Bird 

REPTILIA. 

of Crocodile . . . . 

of Python 

ofProteus . . . . • 

PISCES. 

of Perch 

of Pike 

of Shark 


X n. 

U D. 

S. 1). 

1-3200 

1-2746 

1-12325 

1-3264 

1-6921 


1-1649 

1-3000 


1-3200 

1-9160 


1-2314 

1-3429 


1-2066 

1-4000 


1-1231 

1-2280 


1-1440 

1-2400 


1-1400 

1-727 


1-'2401 

1-3000 


1-2000 

1-3665 


1-1143 

1-1684 


oval and nucleated, or pyrensematous : in the Camel tribe, though the 
corpuscles are oval, yet they conform to the Mammalian type m 
free from a nucleus. Mr. Gulliver has particularly insisted on this 


* a, not, Trvpijv, a nucleus, and at/id. blood. 
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difference in the blood of the Mammalian and Oviparous Vertebrata, main- 
taining it to be the only single, imiversal, and characteristic difference be- 
tween them.* — In the present state of our knowledge it is difficult to say 
whether the Red Blood- corpuscles of Man and Mammaha are to be 
regarded as cells or as nuclei. In the majority of modern physiological 
works they are described as cells, possessing cell- wall and contents ; and 
from the peculiar reactions which they present with solution of magenta 
and of tannm, Dr. Roberts, of Manchester, has been led to conceive 
that they actually possess a double wall, an external one corresponding 
to the outer or secondary cell- wall of plants, and an inner more dehcate 
one corresponding to the primordial utricle f On the contrary. Dr. 
Dalton,:]: from a study of their microscopical characters, regards them as 
being minute but perfectly homogeneous masses of organized substance, 
of the same colour, consistency, and composition throughout ; whilst Mr. 
Gulliver and Mr. Wharton Jones, from considerations connected with 
their development, regard them as free nuclei, though modified in such a 
manner as to possess quite special characteristics. 

I4G. The form of the Red Corpuscles is not unfrequently seen to 
change during their circulation ; but this is generally in consequence of 
pressure, from the effects of which, however, they quickly recover them- 
selves. In the capillary vessels, they sometimes become suddenly 
elongated, twisted, or bent, through a narrowing of the channel; and 
this change may take place to such a degree as to en.ible the disc to 
pass through an aperture which ajijiears very minute in proportion to its 
diameter. When undergoing spontaneous decomposition, the blood-discs 
become granulated, and sometimes (as long since noticed by Ilewson) 
even mulberry-shaped ; and particles in which these changes appear to be 
commencing, may be found in the blood at all times — The size of the 
blood-discs IS liable to considerable variation, even in the same individual , 
some being met- with as much as one-third larger, whilst others are one- 
third smaller, than the average The diameter of the corpuscles bears no 
constant relation to the size of the animal, even within the limits of the 
same Class ; thus, although those of the Elephant (2, Fig 37) are the largest 
among Mammaha (as far as is hitherto known), those of the Mouse tube 
are far from being the smallest, being, in fact, more than three times the 
diameter of those of the Musk Deer (3, Fig 37). There is, however, as 
Mr. Gulliver has remarked, a more uniform relation between the size of 
the animal and that of its blood-discs, when the cou parison is made 

* The following measureraeiits of the blood of domestic animals expressed in fractions 
of an English inch) may he selected from Mr Gulliver’s very numerous and accurate 
measurements, as the most hkely to become of interest in Juridical inquiries, though it 
must be lemerabered that the coipuscles shiink slightly in the process of drying. 


Man 

1-3200 

Mouse . 

1 4230 

Cat . . . 

. . 1-4404 

Dog . 

1-3532 

Ass 

1-4267 

Horse . . 

, . 1-4600 

Hare 

1 3500 

Pig . . 

1-4230 

Sheep . . 

. . 1-5300 

Rabbit 

1-3607 

Ox . . 

1-4267 

Goat . . 

, . 1-6366 

Rat . 

1-3754 

Red Deer 

1-4324 




A Tabular summary of Mr. Gulliver’s very numerous and accurate measurements of the 
Ked Corpuscles of the Blood of different animals, from all the classes and most of the ordeis 
of the Vertebrate senes, is contained in the ** Proceedings of the Zoological Society,” 
No. cii , and also in his Edition of the “ Works of Hewson” already referred to, published 
by the Sydenham Society (p 2d7). 

+ See ** Proceed of Royal Society,” vol xii 1863, p 481 
t See hifl ** Human Physiology,” 1859, p 181. 
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within the limits of the same Order. In Man, their diameter varies 
from about 1 -4000th to 1 -2800th of an inch, the average diameter 
being probably about 1 -3200th; and their average thickness, according 
to the same excellent observer, is about 1-12, 400th of an inch. Accord- 
ing to the recent estimates of Vierordt, a cubic centimetre of blood 
(which is no more than about 6-lOOths of a cubic inch) contains no 
fewer than 5,055,000 red corpuscles, and about 14,000 colourless ones: 
whilst by Welcker the number in the same quantity is estimated at 
4,600,000.* — The colour of the Red Corpuscles is very pale when they 
are lying in a single stratum ; and it is only when we see three or four 
superposed one upon another, that the fiill deep rod tint of their contents 
becomes apparent. The cause of the dilFerence in hue between 
the corpuscles of arterial and those of venous blood, will be considered 
hereafter. 

147. The Red Corpuscles are composed of a substance termed Il 80 ma- 
toglobulin, which under favourable conditions is capable of assuming 
a crystalline form. This circumstance has led many to consider it a 
definite chemical compound of homogeneous and uniform composition, 
whilst others regard it as composed of two materials, — Globulin, a 
coagulable substance nearly allied to Albumen, and Hajrnatin, to which 
the colour of the corpuscles is altogether due ; and recently C. G. Lch- 
mannf has stated that he has been able to separate the hsematin from the 
albuminous constituent, which he terms IlaBmatocrystallin, and has 
obtained the latter in colourless crystals. The difficulty of determining 
this question is greatly increased from the variety of substances which 
have been termed llecmatin by chemists, and also from the circumstance 
that several kinds of crystals have been obtained from blood. According 
to V. Goriip-Besanez,J we are still unacquainted with the true coloiiring 
matter of the blood ; for whilst the Ilyematin of Lecanu and of Berzelius is 
amorphous and insoluble in water, alcohol, ether, and oils, that oi Sanson 
and that obtained by Robin and Verdeil, though amorphous, is soluble in 
alcohol, ether, and dilute acids ; whilst that obtained by Lehmann as the 
result of the action of a mixture of 1 part of alcohol, 4 parts of ether, and 
1-1 Gth of oxalic acid upon fresh blood is crystalline, presenting the form 
of thill brownish and brownish-green striated transparent laminaj, often 
curiously twisted upon their long axis, and soon spontaneously changing 
into flat rhombic octohedra. The Globulin, if it be really a distinct su 
stance, certainly stands in close relation to albiimen, and constitutes y 
far the largest portion of the corpuscles. Its solutions coagulate on heating, 
but do not perfectly separate; the fluid passing through a falter m a turbid 
condition. The original solution in water has a neutral reaction ; but 
after coagulation and filtration the fluid gives an acid reaction, probably 
from the presence of acid phosjdiates. AVlien a solution o g o u n is 
made cither with dilute acetic acid or dilute ammonia, precipitation occurs 


on exactly neutralizing the fluid. , . i ^ xi, 

148. As regards the Crystals which can be obtained from the B , 
Bojanowski§ has enumerated no less than four varieties, 
respectively termed Ha 3 matoglobulin, Hajmatoidin, H^matm, and Hsemin. 


* See Prof. Lehmann’s Physiologischen Chemie,” 2nd edit., band ii. p. 191. 
+ Henle and Meissner's “Bericht,” 1859, p. 255. 


t “Phys. Chemie,” 1862, p. 168. ^ oio 

§ See Siebold and Kolliker’s Zeitschnft, band xu. 1862, p. 
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I. Hsematoglobulin Crystals (Funke) may be obtained from blood 
through which first oxygen and then carbonic acid has been conducted 
under the influence of sunlight; or it may be found in blood that has simply 
stood in a cold temperature for some hours. They present considerable 

variety of form in different 
Pjq, 3g. animals. In Man, from whose 

splenic blood they can be ob- 
A ^ tained with facility, their shape 



is sometimes that of elongated 
rectangular prisms, and some- 
times that of rhombs ; in the 
Mouse and Guinea Pig they 
form tetraedra, in the Hamster 
rliombohedra, whilst in the 
Squirrel they are hexagonal.* 
They are unstable, deliquescing 
on exposure to the air, and solu- 


Blood-Crjfiiaht (1) prismatic, from Human blood, 
(2) tetraedral, from blood, (3) hexagonal plates, 
from Squirrel’s blood. 


ble in water, the solution giving 
a precipitfite on being heated. 
Acetic acid and ammonia dis- 


solve them readily, but they 
are insoluble in alcohol. They are doubly refractile and pleochromatic 
as regards light, and appear to be destitute of taste and smell. 

II. It is uncertain whether the crystals which form in blood that has 
long been extravasated, as in old apoplectic clots and corpora lutea, 
consist of H»matoglobulin or of Haematin alone, though the proba- 
bility is in favour of the latter. They are termed Heematoidiii 
crystals by Virchow, form rhombic plates, and appear to be ol a more 
stable character than those last mentioned. They are insoluble in water, 
alcohol, ether, and acetic acid, but are soluble in chloroform, and give with 
sulphuric acid a play of colours similar to those given by Bile with nitric 
acid ; which is a fact of importance when connected with Zenker and 
Funke’s observation, that Bilifulvine can readily be converted into 
Hsematoidin. 


III. The Haematin Crystals obtained by FoUer and others, by the con- 
tinuous transmission of Carbonic Acid through a solution of Hfcmatin, 
appear to resemble the preceding Hcematoidin Crystals very closely in 
their reactions. Bojanowski was, however, unable to obtain them. 

IV. Lastly, the exact nature of the Hsemin Crystals, which Teichmanii 
obtained by the action of strong Acetic Acid on Blood and evaporation at 
a low temperature, is still undetermined. Their colour is red brown or 
black, becoming violet on exposure to oxygen, and losing their trans- 
parency on exposure to carbonic acid ; their form is that of rhombic 
tablets, often arranged in stars or crosses ; and they are insoluble in most 
reagents. The formation of these crystals has been employed as a test 
for stains of blood in medico-legal investigations, f 


* These several varieties may, however, according to Dr. Rollett (“ Moleschott’s Unter- 
sach.** 1863, p. 22), be reduced to two systems of crystalline forms, namely, the Rhombic 
and the Hexagonal, to the latter of which the crystals of the blood of the Squirrel alone 
belong ; those of the Guinea Pig, hitherto considered as regular crystals, being in 
reality the halves of Rhombic pyramids. 

t See Teichmann, ** Zeitschrift f. Rat, Med.,’* N, F. iii. 875, viii. 141 ; Kbllikcr, 
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149. The following is given by Prof. Lehmann* as the relative 
Chemical constitution of the Red Corpuscles and of the Liquor Sanguinis, 
which there is a great advantage in thus bringing into comparison : — 


1000 parts of Red Corp'naclea contain 


Water 688-00 

Solid residue 812-00 

HsBmatin (including iron) . . . 16*75 

Globulin and cell -membrane . , 282*22 

Fat 2-31 

Extractive matters 2*60 

Mineral substances (inclusive of iron) 8*12 

Chlorine 1 *686 

Sulphuric Acid 0*066 

Phosphoric Acid 1*134 

Potassium 8*328 

Sodium 1*052 

Oxygen 0 *667 

Phosphate of Lime 0*114 

Phosphate of Magnesia , . . 0.073 


1000 parts of LiqtLor Sanguinis contain 


Water 902*90 

Solid residue 97*10 

Fibrin 4 *05 

Albumen 78*84 

Fat 1*72 

Extractive matters 3*94 

Mineral substances 8*55 

Chlorine 3*644 

Sulphuric Acid 0*116 

Phosphoric Acid 0-191 

Potassium 0 *323 

Sodium 3*341 

Oxygen 0*403 

Phosphate of Lime 0*311 

Phosphate of Magnesia .... 0*222 


From this we see that not only do the Hsematin and Globulin of the 
Corpuscles replace the Fibrin and Albumen of the Liquor Sanguinis, but 
the proportion of Fat in the former is considerably greater than in the 
latter ; and that although the whole amount of mineral matter (excluding 
the iron of Hajmatin, which would amount to 1*17) is nearly the same 
in the Corpuscles as in the Liquor Sanguinis, yet that there is a most 
remarkable and significant difiTerence in its constituents in the two cases 
respectively. For while the Chlorine of the corpuscles is to that of the 
liq. sang, as 1 : 2*16, the Phosphoric acid of the corpuscles is to that of 
the liq. sang, as nearly 6:1; and whilst the Sodium of the corpuscles is 
to that of the liq. sang, as 1 : 3*3, the Potassium of the corpuscles is to 
that of the liq. sang, as 10*3 to 1. Hence it is obvious that the Chloride 
of Sodium of the blood must be principally, if not (as Sacharjin contends) 
entirely contained within the liquor siinguinis, whilst the Potash of the 
blood is almost wholly included in the substance of the corpuscles ; and 
from the excess of Phosphorus in the corpuscles, as well as of Fat, it may 


^‘Manual of Human Histology,’* 1860 ; Virchow, ** Cellular Pathology,” 1860, pp. 143- 
145 ; V. Gorup-Besanez, “ Phys. Chem.,”1862, pp. 170-194 ; Funke, “Physiologic,” 4th 
edit. 1863, p. 45. 

Physiological Chemistry” (translated by Dr. Day), vol. ii. p. 160. — It is to the 
admirable Essay of Schmidt, “ Charakteristik der Cholera,” that Physiologists and 
Chemists are indebted, for the first direction of their attention to the importance of 
separately estimating the composition of these two principal constituents of the Blood, 
and for the indication of the means of doing so. Recent investigations by Sacharjin have 
thrown some doubt upon Schmidt’s calculations, on which the above table is founded, 
and which were made on the assumption that the proportion of moist corpuscles could 
be ascertained by multiplying the weight of dry corpuscles (obtained by the method of 
Prevost and Dumas) by 4. The following table shows the difference in the results 
obtained by the two experimenters : — 


In 1000 ^arts of Blood, 

Moist Corpuscles 

Liquor Sanguinis 

Schmidt, 

613*04 

486*96 

Sacha/rjin, 

844*177 

665*823 


1000 

1000 


It is requisite to observe, however, that Sacharjin’s experiments were made on the blood 
of the Horse. See “ Canstatt’s Bericht,” 1861, p. 213. 
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be fairly concluded, that it is in them that the peculiar ^ phosphorized fats’ 
are chi^y formed. The Red Corpuscles appear to have a remarkable 
power of absorbing certain gases ; for it has been found by Van Maack 
and Scherer, that a solution of hromatin imbibes a considerable amount of 
oxygen, the latter of these chemists having also ascertained that after 
the absorption of oxygen there is a slight development of carbonic acid. 
The Red Corpuscles are considerably heavier than the serum in which 
they are suspended; their normal specific gravity being from 1088*5 to 
1088*9 in man, and from 1088*0 to 1088*6 in woman ; while that of the 
Serum averages 1028. 

150. In addition to what has been already stated of the influence of 
water, saline and other solutions, and acetic acid, upon the form and con- 
dition of the Red Corpuscles, the following facts may be stated with 
regard to the effects of these and other reagents. Upon exposure of the 
corpuscles to the influence of pure water, they swell uji, become globular, 
and so pale that their outline can only be traced with the greatest diffi- 
culty. Yet imless putrefaction have set in, it is certain that they are not 
soluble in it, since they can readily bo again brought into view, even 
after weeks of maceration, by the application of a little iodine or corrosive 
sublimate.^ The numerous observations made upon the action of various 
reagents upon the corpuscles by Muller, Ilumfeld, Simon, and others, are 
almost useless, from the circumstance that they were made indifferently 
on the blood of frogs and on that of the higher Vertebra ta, although 
the effects produced in the two cases are very different. As a general 
rule, it may be stated that the red corpuscles of Man and the higher 
Mammalia resist chemical reagents (like nuclei in general) to a very 
extraordinary degree, whilst the pale corpuscles are more easily acted on, 
becoming ropy (hke fresh cells in general) imder the influence of alkalies 
and various alkaline salts. Bile and urea jippear, however, to dissolve 
the red blood-ceUs ; though the addition of Urine seems to exert no other 
influence upon them than a saline solution of equal density would do, fis 
was long since ascertained by Ilewson, With soluti ons of magenta tliey swel I 
up and assume a faint rose colour, whilst a dark red spot appears upon some 
point of their circumference. The white corpuscles arc stained of a deeper 
red, and their nuclei, which are brought clearly into view, become of a 
deep carbimcular red colour. With solutions of tannin, after the lapse of 
twenty or thirty seconds, some point of the circumference of the red 
corpuscle appears to give way, and a small button of a highly refractiJe 
substance projects, wliich sometimes appears to contain a vesicular body, 
that can again be retracted into the corpuscle by the action of acetic 
acid.f It is further remarked by Prof. Lehmann, that some of the Red 
Corpuscles resist the influence of reagents much more than others do ; 
and he infers that the latter are the older cells, as having the strongest 
tendency to disintegration ; whilst those which present an unusual resist- 
ing power, he infers to be young cells which have not yet acquired the 
normal characters of the red corpuscles. J 

151. The Red Corpuscles, when freely floating in the liquor sanguin^ 

* ChiUiver, ‘‘Lend, and Edin. Phil. Mag.** for 1840, p. 106 ; and Lecture i., 

Times,” 1862, p. 102. I 

f Roberts, loc, dt. See also Rindfleisch, “ Experimental Studien Uber die Ilisttiiogio 
des Blntea,” Leipzig, 1863. \ 

t Op, cit., voL ii. pp. 184, 185. 
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of blood no longer in motion, exhibit a marked tendency to approximate 
one another ; usually coming into contact by their flattened surfaces, so 
that a number of them thus aggregated present the appearance of a pile 
of coins ; or, if the stratum be too thin to permit them to lie in this 
manner, partially overlapping one another, or even adhering by their 
edges, which then frequently become polygonal instead of circular. The 
corpuscles when thus adherent, resist the influence of forces which tend 
to detach them, and will even undergo considerable changes of shape, 
rather than separate from each other ; if forced asunder, however, they 
resume their normal form. After thus remaining adherent for a time, 
they seem to lose their attractive force ; for they are then seen to separate 
from each other spontaneously. This peculiar tendency to aggregation 
is most strongly manifested in inflammatory blood, and assists in the pro- 
duction of the buffy coat ; whilst, on the other hand, it seems to be 
neutralized by the action of most saline substances, since, if these be 
added to the blood, the corpuscles do not run together, or instantly 
separate if they have already become adherent. 

152. Besides the red corpuscles of the Blood, there are others which 
possess no colour, and might seem to have a function altogether dilfereiit ; 
these are known as the White or Colour- 


less corpuscles. Their existence has 
long been recognized in the blood of 
the lower Vertebrata, where, from being 
much smaller than the red corpuscles, 
as well as from differing widely in 
shape, they could readily be distin- 
guished. But it is only of late 
(chiefly through the researches of 
Gulliver,* Addison,t and others), that 
they have been recognized in the blood 
of Man and other Mammalia ; their size 
being nearly the same with that of the 
red corpuscles; and the general apjiear- 
ance of the two (owing to the circular 
form of the latter, and the absence of 
a central nucleus,) being less diverse 


Fia. 89. 


d 



Cohurhus Blond-corpusclesy or L>Tnph-cor- 
puscles of the Jiloorl : — a, b, small cells, Ruch 
as arc found in the Thoracic duct, seen on their 
flat side at o, and edgewise at 6 ; c, e, the same, 
with obvious nuclei ; d, d, larger cells, with 
original ly-multiple nuclei ; e, e, the same, 
treated with acetic acid, showing the break- 
ing-up of the nuclei. 


(Fig. 39). It is remarkable that, not- 
withstanding the great variations in the size of the red corpuscles in 


the different classes of Vertebrata, the dimensions of the colourless 


corpuscles vary but little throughout the Vertebrate subkingdom; 
their diameter being seldom much greater or less than 1 -3000th 
of an inch in the warm-blooded Vertebrata, and 1-2 5 00th of an 


inch in Reptiles. This holds good even in those animals, — such 
as the Musk-Deer, and the Proteus, — which present the widest 
departure from the general standard in the size of their red corpuscles ; 
so that the colourless corpuscle is as much as four times the diameter of 
the red, in one instance ; whilst it is not one-eighth of the long diameter 
of the red, in the other. — The common pale Corpuscles of the Blood, 
though similar in appearance, are some^vrhat larger than the proper 
globules of lymph or chyle, and there is a marked difference in their 


* Notes and Appendix to Translation of Gerber’s General Anatomy.” 
t “Transactions of Provincial Medical Association,” 1842 and 1848. 
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chemical properties. In Mammalia and Birds the lymph-globule is a 
nucleus, while the common pale corpuscle of the blood is a cell containing 
a nucleus. The lymph-globule or nucleus is only slightly acted ori by 
acetic acid, but the pale cell energetically, its nucleus immediately 
becoming apparent even when very dilute acid is employed. The nucleus 
of the white corpuscle is not, however, identical with the lymph-globule, 
since it divides into two or three smaller bodies on the addition of strong 
acetic acid, which is not the case with the lymph-globule. In fibrous 
clots a third kind of pale corpuscle has been observed by Mr. Gulliver,* 
which is characterized by its small size, faint outline, and resistance to 
the action of acetic acid. The Colourless corpuscles possess a higher 

refracting power than the red ; from 
Fig. 40. which they are further distinguished 

by their greater firmness, their want 
of elasticity, and the absence of any 
disposition to adhere to each other ; 
so that, when a drop of recent blood 
is placed between two strips of glass, 
and these are gently moved over 
one another, the white corpuscles 
may be at once recognized by their 
solitariness, in the midst of the rows 
and irregular masses formed by the 
aggregation of the red. This is still 
better seen in inflammatory blood ; 
in which the Eed corpuscles have a 
peculiar tendency to adhere to one 
another, so that the distinctness of 
the White is more marked (Fig. 43). 

153. Colourless corpuscles may 
be readily distinguished in the blood 
circulating through the small vessels 
of the Frog’s foot ; and it is then 
observable that they occupy the ex- 
terior of the current, where the motion 
of the fluid is slow, whilst the red corpuscles move rapidly through the 
centre of the tube (Fig, 40). The Colourless corpuscles, indeed, often 
show a disposition to adhere to the walls of the vessels ; which is mani- 
festly increased on the application of an irritant. Hence the idea 
naturally arises, that (to use the words of Mr. WhaKton Jones) “ there 
is some reciprocal relation between the colourless corpuscles, and the 
parts outside the vessels, in the process of nutrition.” — A very remark- 
able spontaneous change of form has been observed by Mr. Wharton 
Jones to take place in the Colourless corpuscles whilst being examined 
under the microscope ;f and this not only in the blood of Man, but in 
that of animals of all the Vertebrated classes, as also in that of Inverte- 
brata, whose only corpuscles are of this character. From some point 
of their circumference, a protrusion of the cell- wall takes place, the form 
of which seems quite indefinite ; soon afterwards, another protrusion 



A small Venous trunk, a, from the Web of the 
JFVo/« foot; h, bf cells of pavement-epithelium, 
containing nuclei. In the space between the cur- 
rent of oval Blood-corpuscles, and the walls of the 
vessel, the round transparent colourless corpuscles 
are seen. 


^ ** Med. Timee and Gaz.,** vol. i. 1863, p. 207. 
t ^'Philosophical Transactions,” 1846, pp. 64, 71, 90, &c. 
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may be seen to arise from another part of the cell, the first being either 
drawn~in again, or remaining as it was ; and thus the configuration of 
the corpuscles may be seen to undergo several changes before the process 
finally ceases, and this whilst they are floating in their own serum, and 
the red corpuscles arc lying quite passive in their immediate vicinity. 
These changes of form (which bear a striking resemblance to those of the 
Amoeba) are affirmed by Dr. Davaine* * * § to be visible even whilst the 
blood is circulating through the vessels, in those colourless corpuscles 
which are retarded by attraction to their walls. 

154. The proportion which the White or Colourless corpuscles bear to 
the Red, is very small in the blood of Man and the higher ^Vertebrata ; 
being, in the state of health, according to the estimate of Moleschott 
(which is confirmed by Kollikerl), not more than 2*55 to 1000. It varies, 
however, to a very remarkable extent, as has recently been shown by Dr. 
Ilirt, of Zittau, J according to whether the examination be made before or 
after food. Thus in the morning before breakfast the proportions were 
one colourless to 710 coloured corpuscles ; half an hour alter breakfast 
1:347 ; between two and three hours after breakfast 1:1514; ten 
minutes after dinner 1:1592; half an hour after dinner 1:429; two 
hours and a half to four hours after dinner 1:1481; half an hour after 
sup];)cr 1:544; and between two and a half to three and a half hours 
after supper 1 : 1227. Similar results have also been obtained by Mar- 
fels and Lorange.§ The white corpuscles are very numerous in the 
Splenic Venous Blood: (Gray, Virchow). They are more abundant in 
children than in adults, and there is an increase during pregnancy and 
in certain diseased conditions of the system. In the oviparous Verte- 
brata, the proportion is higher ; thus it has been observed by Wagner|| 
to be as 1 : 16 in the blood of a Frog examined in February, and as 1 : 6 
in similar blood examined in August. In one Vertebrated animal, the 
Amphioxiis^ the Red corpuscles are wanting altogether ; their place in the 
circulating blood being taken by the Colourless. And in the Invertebrate 
series generally, the corpuscles of the circulating fluid correspond rather 
to the colourless corpuscles of the Blood of Vertebrata, and to the cor- 
puscles of Lymph and Chyle (which may be regarded as the same bodies 
in an earlier stage of development), than they do to the red corpuscles, 
which are peculiar to Vertebrata.f Thus, in one of its most character- 
istic features, the Blood of Invortebrata (and of Amphioxus) may be 
likened rather to the Lymph and Chyle of Vertebrated animals, than to 
their Blood ; and this resemblance is strengthened by the fact, that there 
is no distinction in the former between the absorbent and the sangui- 
ferous vessels, which in the latter respectively contain the nutritious fluid 
in its earlier and in its later stages of development. Moreover, the earliest 
blood-corpuscles of the embryo of even the highest Vertebrata are 
colourless ; and long after the blood has acquired its characteristic hue 

* “ M6moires de la Soci^te de Biologie,” tom. ii. pp. 103-5. 

t “Manual of Human Histology” (Sydenham Society’s edition), vol. ii. p. 330. 

i “Milller’s Arebiv,” 1856, p. 174. 

§ Ludwig, vol. ii. p. 38, 1861. 

11 “Elements of Physiology,” translate! by Dr. W.lhs, p. 246. 

t See Mr. Wharton Jones’s Memoir on 'The Blood-Corpuscle considered in its different 
Phases of Development in the Animal Series,’ in the “ Philos. Trans., 1846 ; also 
“Princ. of Corap. Phys.,” 4th ed. §§ 379-382. 
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from the development of red corpuscles, the colourless corpuscles bear a 
very large proportion to the red, so as even to equal them in number 
(as the author is informed by Mr. Gulliver) in the blood of foetal Deer an 
inch and a half long, and absolutely to preponderate in the blood of still 
smaller embryoes. 

155. There can be no doubt that both the Eed and the Colourless 
corpuscles have, like other Cells, a definite term of life; and that, whilst 
some are undergoing disintegration, others are in a state of advancing 
development to supply their places, so that the entire mass of both is 
undergoing continual change. That a new production of Red corpuscles 
may take place with considerable rapidity, we have evidence in the rapid 
restoration of their normal proportion after it has been lowered by 
haemorrhage (§ 166), and in the speedy increase which may be effected in 
their amount in blood in which they have been excessively diminished 
by disease (§ 179) ; this being especially promoted by the administration 
of Iron, and by a generous diet. On the other hand, various appearances 
indicative of degeneration may be seen in the Red corpuscles ; and this 
especially in the blood of the Oviparous Vertebrata, which usually contains 
corpuscles almost destitute of colour, and having a shrunken or eroded 
aspect, their nuclei, however, presenting a remarkable distinctness. That, 
under certain circumstances, such a degenerating process takes place 
with great rapidity in the blood which circulates through the Spleen, 
maybe considered as ascertained almost beyond a doubt (§ 130, iii.). 
Of the ordinary duration, however, of the life of either the Red or the 
Colourless corpuscles, we have not at present any means of nuiking an 
approximative estimate. — The question now arises, in what manner the 
two classes of Corpuscles are respectively developed, and whether they 
have any relationship to each other. 

156. That the fully-developed Red corpuscles, when ceasing to exist as 
such, do not give origin to new corpuscles of the same kind, may now be 
asserted (notwithstanding the statements of former observers) to be the 
concurrent opinion of nearly all who have in recent times specially 
devoted themselves to this inquiry. The first Red corpuscles unques- 
tionably have their origin, like the original cells of the solid tissues, in 
the primordial cells of the germinal structure; and it is in the so-called 
‘ vascular layer’ of the ‘ blastodermic vesicle’ (chap. xvi. Sect. 4), and in 
the mass of cells which constitutes the rudiment of the heart, that this 
metamorphosis seems first to take place. The situation of the heart, 
and the course of the principal trunks of the ‘ vascular area,’ are early 
marked-out, by the peculiar disposition of the aggregations of cells from 
which these organs are to be developed ; and whilst the outer portions 
of these aggregations are transformed into the walls of the respective 
cavities, the inner portions seem partly to deliquesce, and partly to remain 
as isolated cells floating in the liquid thus produced. These isolated cells 
are the first blood-corpuscles; and the following account of them in 
the Oviparous Vertebrata or Pyrencemata is given by Mr. Paget,* who has 
made them the subject of careful study. As described by Vogt, Kdl- 
liker, and Cramer, they are large colourless vesicular spherical cells, full 

* This account is cited from Messrs. Kirkes and Paget's Handbook of Physiology," 
5tli edit. (pp. 69-75), in which it appears as an abstract of a part of Mr. Paget's 
Lectures on the * Life of the Blood,’ delivered at the College of Surgeons in 1848. 
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of yellowish particles of a substance like fatty matter ; many of which 
particles are quadrangular and flattened, and have been called stearine- 
plates, though they are not proved to consist of that or any other unmixed 
fatty substance. Among these particles each cell has a central nucleus, 
which, however, is at first much obscured by them. The development 
of these embryo-cells into the complete form of the corpuscles is effected 
by the gradual clearing-up, as if by division and liquefaction, of the con- 
tained particles, the acquirement of blood-colour and of the elliptical 
form, the flattening of the cell, and the more prominent appearance of 
the nucleus.” The process appears to be essentially the same in the 
Fish, the Reptile, and the Bird ; but it takes place too rapidly in the 
latter class for its stages to be clearly distin- 
guished; whilst in the tadpole the changes 
occur so slowly that they can be traced in the 
blood even while it circulates. — The history of 
the development of the first red corpuscles in 
Mammalia is nearly the same; but a binary 
multiplication of these bodies by subdivision 
(Fig. 41) has been observed in them by Prof. 

Kolliker* ** and others, which has not been no- 
ticed elsewhere. In watching the stages of this 
process, it is seen that the partition of the nu- 
cleus takes place completely, before that of the 
cell itself has commenced. Tlie blood-cor- 
puscles of the Human embryo thus formed, 
are described by Mr. Paget as circular, 
thickly disc-shaped, full-coloured, and, on an 
average, about l-2r)00th of an inch in diameter; 
their nuclei, which are about 1 -5000th of an 
inch in diameter, are central, circular, very colourless elongated biood-eeiis. in 

little prominent on the surfaces of the cell, and different stages of subdiviBion 6,6, 
^ spherical blood-cells, one of them 

apparently slightly granular or tuberculated. having a nucleus beginning to di- 
In a few instanees, colls are found with two » s-aUcf ceU ot the .amo 

nuclei ; and such cells are usually large and 

elliptical, with one of the nuclei near each end of the long axis.” 
According to Mr. Gulliver, I these large nucleated, embryonic, red 
corpuscles in Man and the higher Mammalia must be regarded as 
the true analogues of the ordinary nucleated red corpuscles of ma- 
ture oviparous Vertebrata. It is particularly worthy of remark, 
also, that in the very earliest period pale nuclei destitute of an enve- 
lope, but containing nucleoli, are very abundant, giving that whitish 
hue to the blood whicli was long ago observed by Glisson and Needham 
(1667); these appear to be analogous to the pale globules of the blood 
of adult Vertebratix ; and to the characteristic corpuscles of the blood of 
many In vertebrata ; so that in its course towards the highest type, there 
are temporary phases in which the blood of the Mammal is analogous 
to the permanent states of the blood of Invertebrate and of Oviparous 

* See his Memoir, ‘Ueber die Blutkorperchen eines raenschlicben Embryo,’ &c., in 

** Zeitschrift fur Ration. Med.,” 1846; and his “Manual of Human Histology” 
(Sydenham Society’s edition), p. 342. 

+ Lecture i., “Medical Times and Gazette,” vol. u. 1862, p. 103. 
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Fig. 41. 
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animals respectively.” — ^When the Liver begins to be formed, this 
multiplication of blood-cells in the entire mass of the blood ceases, and in 
a short time all trace of the development of the red out of the original 
colourless formative cells is lost ; whilst, on the other hand, there takes 
place in the vessels of the liver a new production of colourless nucleated 
cells, which are formed around free nuclei, and which undergo a gradual 
change (by the development of colouring-matter in their interior) into 
red nucleated cells resembling those of the first brood. According to 
Kdlhker,’’^ this new formation of blood-corpuscles in the liver continues to 
take place during the whole of the foetal life of Mammalia, as in Birds 
during incubation. Whether these nucleated cells themselves undergo 
a transformation into the non-nucleated discs characteristic of Mam- 
malia, which constitute a gradually-increasing proportion of the cor- 
puscular components of the blood during the latter period of embryonic 
life, or whether these are formed only by the metamorphosis of lymph - 
corpuscles, has not yet been ascertained. 

157. That after the Chyle and Lymph have begun to flow into the 
circulating current, the continued generation of Ked corpuscles is due to 
the progressive metamorphosis of the corpuscles of those fluids, is an 
opinion which has come of late to be very generally received amongst 
Physiologists; it may be found, however, to require some modification. 
It rests upon facts of three different orders: — 1st, the presence, in the 
blood of ovii)arous Vertebrata, of corpuscles exhibiting what appear to be 
intermediate gradations of development between Lymph-corpuscles and 
their nucleated Red corpuscles ; and this especially in blood in which an 
unusually rapid development of red corpuscles is diking place, to make 
up for previous loss; 2nd, frequent ruddiness in the hue of the fluid of 
the Thoracic duct, which seems to depend upon the incipient develop- 
ment of Ha 3 matin in some of its floating corpuscles ; and 3rd, the pro- 
gressive transition from one form to the other, which may be observed in 
the ascending scale of animal existence. To these considerations may be 
added, the absence of any other mode of production that can be sug- 
gested ; since the idea of the self-multiplication of the Red corpuscles is 
almost certainly erroneous, and no special organ can be assigned as the 
seat of their generation. As to the mode in which the non-nucleated 
Red corpuscles of Mammalian blood are produced from the Colourless or 
Lymph-corpuscles, there are two very dissimilar opinions; the entire 
lymph-corpuscle being thus metamorphosed into the red, in the opinion 
of some; whilst its nucleus alone, set-free by the dissolution of the sur- 
rounding cell, becomes, in the opinion of others, the ultimate red corpuscle. 
Mr. Wharton Jones has adduced very cogent evidence, derived 
chiefly from a comparison of the sizes of the true red corpuscles of dif- 
ferent Mammals with those of the nuclei of the white or nucleated 
corpuscles which their blood contains, that the former are the equivalents 
of the latter, in a state of higher development ; having acquired a vesicu- 
lar character, and having their interior occupied by globulin and 
haematin. This view, which is also held by Mr. Gulliver, certainly har- 
monizes well with the fact, which can scarcely be explained on the pre- 
ceding hypothesis, that the red corpuscles of most Mammalia are smaller 


Op. cit., p. 348, 
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(often very much so) than the nucleated cells in which they originate.* 
Mr Gulliver’s observations and arguments upon this point appear to be 
conclusive f He maintains that between the red corpuscles of the adult 
Mammalian and those of the oviparous Vertebrate animal a marked distinc- 
tion exists in regard to their mode of development , the former proceedmg 
from the nuclei alone of the pale corpuscles, whilst the latter are developed 
from the entire white cells, the nucleus permanently remaining, and the 
envelope assuming the flat shape and red colour Thus this difference m 
the mode of development would appear as remarkable as the difference in 
the perfect structure, already described, of the red corpuscles of these two 
mam divisions of Vertebrata | And thus also the Chyle and Lymph 
seem to be continually supplying, not merely the pabulum for organization 
derived from the food, whereby the components of the liquid part of the 
blood are replenished as fast as they are withdrawn , but also the rudi- 
mentary corpuscles which are to be progressively metamorphosed into the 
coloured discs that float in its current 

158 Composition of the Blood — The morphological or formed ele- 
ments of the Blood having been thus separately described, we ha\e now 
to inquire into the chemical characters of the various components which 
are associated in the hquid as a whole, and the proportions m which they 
severally present themselves These are subject, even within the hmits 
of health, to considerable variations , some of which seem to depend 
upon the constitution of the individual, his diet, mode of life, 6lc ; 
whilst others are probably referable to the period at which the last meal 
was taken, and the amount of bodily exertion made withm a short time 
previous to the analysis Hence no single analysis could represent the 
average composition of the blood, even if it were itself chemically 
accurate , but there are difficulties in the way of quantitatively determin- 
ing with precision the several components of the blood, which interpose 
a new source of uncertainty and error Notwithstanding the numerous 
investig<itioiis which have been made upon the Blood, the means of 
separating the several constituents are not sufficiently exact to enable us 
to arrive at more than an approximative estimate of their respective 
proportions The marked discrepancy observable between the results 
obtained by different analysts, especially m regard to the relative propor- 
tions of Albumen and Corjmsclcs, arises in great degree from the diffei ence 
of the methods of anah/sis employed^ as has been jiroved by M Gorup- 
Besanez § For he found that when four samples of the same blood were 
examined by the methodfa adopted by four different experimenters 
respectively, the results were as follows The hrst specimen was the 
blood of a vigorous man fifly years old 

♦ See ‘‘Philosophical Transactions,” 1846, pp 75 7^ —Mr Wharton Jones’s views 
on this point have been adopted by Messrs Busk and Huxley , see then tianslition of 
Prof Kolliker’s “Human Histolij^y’ (Sydenham Society s edition), vol ii p 347, wote, 
and “Quart Journ of Microsc Science,” vol i p 145 

•f See Lectures, “ Medical Times and Gazette,” 18o2 

t Yet Dr Bennett (“ Lancet,” vol i 1803, p 378) states that numerous observa 
tions have satisfied him that chyle corpuscles may be seen to form, and to be trans 
formed into bodies in every lespcct, except colour, lesemblmg the biconcave discs of 
blood, without the intervention of cells 

§ “Journ fur Prakt Ohem ,” band i p 340 
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Scherer. 

Becquerel 
and !^dier. 

Hdfle. 

Qorup- 

Beeanez. 

Water 

796*93 

796-93 

796-83 

796*93 

Solid matters .... 

203*07 

203-07 

203-07 

203-07 

Fibrin 

1*96 

1*95 

1*96 

1*96 

Corpuscles 

116*16 

117*82 

103*23 

108*23 

Albumen 

68*82 

63*87 

60*84 

70*76 

Extractive matters and salts 

27*14 

19*43 

47*06 

27-14 

The second specimen was from a robust man twenty years old 



Scherer. 

Becquerel 
and Rodior. 

Hofle. 

Gorup- 

Besanez. 

Water 

783-63 

783*63 

783*63 

783*63 

Solid matters .... 

216-37 

216-37 

216-37 

216*37 

Fibrin 

1*56 

1*56 

1*56 

1*66 

Corpuscles 

113*64 

131*62 

116*12 

115*12 

Albumen 

64*32 

65*91 

51*76 

62-74 

Extractive matters and salts 

36*95 

17*38 

47*93 

36-95 


159. We have now to notice those less prominent components of 
the Blood which have not been hitherto described in detiiil. Under 
the general head of Fatty Matters are included several different 
kinds of fat, some of which present very definite characters, whilst the 
nature of others has not yet been precisely determined. A considerable 
part of the whole amount is formed by the saponijiable fats, which, in the 
Human subject, are Margarin and Olein ; and it must be in these tliat 
the chief increase occurs, when the amount of fatty matter in the blood is 
temporarily augmented by the entrance of oleaginous chyle (§ 105). The 
proportion of pkosphorized fat, which seems to form an essential con- 
stituent of the Corpuscles (§ 149), will probably vary in part with their 
amoimt ; but the range of variation seems to be too wide to admit of the 
difference being fully accounted-for in this manner. The presence of 
Cholesterm seems to be constant ; but it, too, exhibits a considerable 
diversity in its amount, probably depending upon the relations between 
the biliary secretion and the respiratory process. Of the fatty substance 
termed Serolin^ the quantity is always very minute, and it is sometimes 
inappreciable. The kind of food materially affects the quantity of fat 
contained in the blood. Nasse found 2'G parts of fat in 1000 of the blood 
of a dog that had been kept fasting for 4 days. After bread diet it rose 
to 3*1 parts, after meat to 3*8, and after suet and starch to 4*1 parts 
in 1000. — The following table represents the mean, maximum, and 
minimum amoimts of these fatty substances in the healthy blood of 
Man (the proportion in that of the female being almost precisely similar), 
according to the analyses of MM. Becquerel and Kodier : — 

Mean. Max. Min. 

Saponified fat .... 1*004 2*000 *700 

Phosphorized fat . . . . *488 1*000 *270 


Cholesterm *088 *175 *030 

Serolin ‘020 *080 inappreciable. 


The source of the peculiar odour of the blood, is probably a volatile fatty 
acid, too minute in its amount to admit of being separately estimated. 
This odour may be made much more apparent by treating the blood with 
sulphuric acid, even after it has been long dried ; and in all those animals 
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which are readily distinguishable by their odorous emanations, it may 
thus be made so perceptible as to admit of their blood being distinguished 
(at least by an individual possessed of a delicate sense of smell) through 
its scent alone. Of this test, use has been made with great advantage in 
juridical investigations.* 

160. Under the vague term Extractive, have been included many 
different substances which normally present themselves in only very 
small quantity, and which are consequently very difficult of detection ; 
but which are extremely important in a physiological point of view, as 
the chief ‘ factors ’ (to use the appropriate designation of Prof. Lehmann) 
in the metamorphosis of animal tissue, both progressive and retrograde. 
Amongst the latter, Urea, Creatine, Creatinine, Uric, Hippuric and Lactic 
Acids, Leucine, Tyrosine, Hypoxanthine (or Sarkin), and Lecithine, may 
be particularly mentioned. Besides the foregoing, the extractive of blood 
generally seems to contain Sugar, or an amyloid substance (Pavy), that 
is waiting for elimination by the respiratory process, this substance being 
found most abundantly, however, in the blood of the hepatic vein, vena 
cava, and pulmonary artery (§ 141). As might be expected, the propor- 
tion of sugar in the blood is greatly affected by the diet of the animal 
(§ 165). — The very small amount in which the Blood-constituents of this 
class normally present themselves, is readily accounted-for by the fact, 
that they are only en route between the tissues and the excretory organs 
which are destined for their elimination ; so that as long as the disinte- 
grating processes taking place in the former are balanced (as they should 
be) by the activity of the latter, these substances are withdrawn from the 
blood-current as fast as they are introduced into it, and no sensible accu- 
mulation will occur. It can scarcely be doubted that the more attentive 
study of this part of the blood, prosecuted upon large quantities at once, 
will be attended with the discovery of many facts that would throw great 
light upon the Chemistry of the histogenetic operations, and of the retro- 
grade metiiniorphoscs of the effete materials of the tissues. 

IGl. No list of the Inorganic Constituents of the Blood which has yet 
been given expresses the precise mode in which they are grouped together. 
The proportion which the Carbonates bear to the Phosphates, however, 
seems to be small in Human blood ; as is sliown by the following table, 
founded on the analysis of Verdeil,j‘ of the percentage composition of the 
asli of the blood, after deducting the carbon still contained in it . 


Man. 

NaCl 1 

NaO 1 

KO 

MgO 

1. 1 . 

61-99 

2 03 

12-70 

0-99 

,11. s. 

65-63 

6-27 

11-24 

1-26 


SOgHo| 

PO, 

3CaO 

ro. 

FCjOg 

o 

1-70 1 

7-48 

3-65 

8-06 

1*43 

t 1-64 1 

9-74 

3-21 

1 8-68 

0-96 


In Carnivorons animals the Phosphates, in Ilorl.ivorous the Cwbonates, 
are in excess, which is obviously related to the difference of their die . 
The proportion of Chloride of JSodium in both classes exlnbits a reniark- 


♦ See M. BarrueTs researches on this subject in ‘ ‘ Ann. d Hygiene, &c. tom. i. u. . 
+ “Ann. derChem. und Pham./* band Ixix. p. 8^., 
t Man, forty-five years old, suffering from weak digestion. 

§ Woman, twenty-two years old, sanguineous temperament. 
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able constancy. The normal presence of various metals in the blood has 
been alternately admitted and denied. Millon^ found in 100 parts of the 
insoluble residue of the ash of blood 1 to 3 parts of Silicium, 1 to 5 parts 
of Lead, 0*5 to 2-5 parts of Copper, and from 10 to 24 parts of Manganese.f 
162. We have now to inquire into the principal modifications which 
the relative proportions of these constituents undergo in the state of 
health, under the influence of varying conditions of the system ; and not- 
withstanding the want of absolute correctness in the analyses of which we 
are at present in possession, those that are made by similar methods give 
results sufficiently trustworthy to enable them to be compared together, 
and thus to give a tolerably correct indication of the circumstances which 
determine the increase or diminution in the principal components of the 
Blood. — The first of these modifying conditions which requires special 
notice, is Age. During the latter part of foetal life, the blood is remark- 
ably rich in solid contents, as appears from the following comparative 
analyses of Denis : J — 

Venous Blood of Mother. Blood of Umbilical Artery.§ 


Water 781*0 701*5 

Solid constituents 219*0 298*5 


The larger quantity of solid constituents in the blood of the fcetus is 
chiefly due to the increased proportion of corpuscles, which appears to 
continue for a short time after birth ; but it gradually diminishes ; and 
the whole amount of solid matter in the blood seems to fall to its lowest 
point during the period of childhood. Towards the epoch of puberty, 
however, the amount of solid matter increases again, the chief augmenta- 
tion being in the corpuscles; and it remains at a high standard dur- 
ing the most vigorous period of adult life, after which it begins to 
decline. This is made apparent in the following table, deduced from 
the analyses of Denis, which are confirmed by those of Lecanu and 
Simon :|| — 

Solid Constituents. 


In 5 individuals between 5 months and 1 0 

years . . 

170 

13 „ 

,, 10 years 

and 20 


200 

11 ,» 

„ 20 „ 

30 


240 

12 „ 

„ 30 „ 

40 


240 

6 ,, 

„ 40 „ 

50 


240 

8 

11 50 1. 

60 


220 

2 „ 

„ 60 „ 

70 

99 • * * ' 

210 


163. An appreciable difference exists between the blood of the two 
Sexes ; that of the male being richer in solid contents, and especially in 
corpuscles, than that of the female. On tliis point, the analyses of Lecanu, 
Denis, and Becquerel and Eodier are in accordance, notwithstanding 
their mutual discrepancies. From these it would appear that the mean 
excess of the whole solid constituents in the blood of the male, above 
those of the female, is reckoned by the several experimenters at from 12 

* Annal. de Chim. et de Phys.” ser. iii. t. xxiii. p. 372. 

t Melsens (“ Annal. d. C. et de P.^’ xxiii. p. 358) denies the presence of Copper and 
Lead; and BAchamp (^^Journ. de la Phys.” 1860, vol. iii. p. 211) appears to think the 
occurrence of all or any of these metals tu be merely accidental. 

X “Recherches Exp6rimeiitales sur le Sang humain,” and Simon’s “Animal 
Chemist^,” vol. i. p. 238, 

§ Which has been shown by Poggiale to be identical with that of the body of Foetus 
(“Comptes Kendus,” t. xxv. p. 198). 

li Animal Chemistry,” vol. i. pp. 237-239. 
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to 20 parts in 1000 ; and that the variation is the greatest in the propor- 
tion of Corpuscles, neither of the other elements exhibiting any consider- 
able difference in their amount in the two sexes. The excess in the 
solid constituents of the Male blood above those of the Female, is as well 
marked in the extreme as in the mean results ; for the maxima in the 
female do not pass much higher than the mean of the male, whilst her 
minima fall far below his ; on the other hand, the maxima of the male 
rise far higher than those of the female, whilst his minima scarcely 
descend below her mean. 

164. It is obvious, from the extent of diversity shown in the analyses of 
these chemists, that the proportions of the constituents must vary consi- 
derably with individual Temperament and Constitution. All the persons 
whose blood furnished the subjects of their examination were (or 
considered themselves to be) in perfect health ; but their standard of health 
could not have been by any means uniform. There is no doubt that, in 
individuals of the plethoric or ‘ sanguineous’ temperament, the propor- 
tion of the whole solid constituents, and especially of the corpuscles, is 
considerably greater than in persons of the ^ lymphatic’ temperament ; 
and it appears from the analyses of Lecanu,* that the sexual difference 
in the blood almost disappears, when the blood of males and of females 
of the latter temperament is compared. 

165. A considerable influence is exercised on the entire amount, and 
on the relative proportions, of the constituents of the Blood, by the pre- 
vious ingestion of Food or Drink., and by the Diet habitually employed. 
The observations hitherto made upon the first of these points, however, 
are not sufficiently numerous to admit of being generalized ; and the 
chief points that can be definitely stated, are those which have been sub- 
stantiated by Profrs. Buchanan and R. D. Thompson, f in their examina- 
tion of blood whose serum exhibits the ‘ milky’ appearance, which, when 
it occurs in health, is due to the entrance of chyle, more rapidly than its 
oleaginous matter can be eliminated by the respiration or appropriated 
by the tissues. When a full meal containing oily matter is taken after 
a long fast, and a small quantity of blood is drawn previously to the 
meal and at intervals subsequently, the serum, though quite limpid in 
the blood first drawn, shows an incipient turbidity about half an hour 
afterwards ; this turbidity increases for about six hours subsequently, 
after which it usually begins to disappear. The period at which the 
discoloration is the greatest, however, and the length of time during 
which it continues, vary according to the kind and quality of the food, 
and the state of the digestive fimctions. Neither starch nor sugar, nor 
protein-compounds, alone or combined, occasion this opacity in the 
chyle ; but it seems essentially dependent upon an admixture of oZ^a- 
ginous matter with the food. There are few ordinary meals, however, 
from which such matter is altogether excluded. When such milky 
serum is examined with tlie Microscope, the opacity is foimd to be due 
to the presence of an immense number of exceedingly minute granules, 
resembling in appearance those which form the ^ molecular base’ of the 
chyle (§ 124). They seem to be composed of two chemically-distinct 

* “Etudes Chimiques sur le Sang humain/* p, 66 ; and Simon’s “Animal Chemistry,” 
vol. i. p. 236. 

f “Medical Gazette,” Oct. 10, 1845. 
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substaHoee ; for when the milky serum is agitated with ether, a part is 
dissolved, whilst another portion remains suspended ; and this latter is 
soluble in caustic potass. The former, therefore, appears to be identical 
with the ‘ molecular base’ of the Chyle, and to be of an oily or fatty 
nature ; whilst the latter belongs to the protein-compounds. The Cras- 
samentum of such blood often exhibits a pellucid fibrinous crust, some- 
times interspersed with white dots; and this seems to consist of an 
imperfectly-assimilated protein-compound, analogous to that found in 
the serum. The quantity of this varies according to the amoimt 
of the protein-compounds present in the food. — The increase of 
saccharine matter in the blood (in which it forms part of the ‘ ex- 
tractive’), after the ingestion of a large quantity of saccharine or farina- 
ceous aliment, has been noticed by many experimenters, and has 
lately been made the subject of attentive study by Von Becker.* He 
has found that the blood of Rabbits fed on carrots, contained 0*584 per 
cent of sugar, whUst that of rabbits fed on oats contained only 0*109 per 
cent; the blood of the same animals after 24 hours’ starvation, con- 
tained only 0*045 per cent; whilst as much as 1*198 per cent was 
found in the blood of a rabbit, into whose food so large an amount of 
sugar had been introduced that it passed away with the excrements. 
The proportion contained, however, in the blood of Oxen, Dogs, and 
Cats, is far smaller than this ; being (according to the researches of 
Schmidt)t from 0*000G9 to 0*00074, 0*0015, and 0*0021 per cent 
respectively. — It might be fairly presumed that a temporary augmenta- 
tion must take place in the aqueous constituent of the blood, whenever 
any considerable quantity of liquid is ingested ; and yet this augmenta- 
tion is much less considerable, under ordinary circumstances, than we 
should at first be inclined to suppose. For there exist various provisions 
in tlie system (the peculiar Mal])ighian apparatus of the Kidneys being 
the chief) for rapidly freeing the blood from any superfluity of water ; 
and thus any excess of fluid absorbed is speedily drawn-off again. But 
further, it is certain that when the vessels are already filled, absorption 
does not take place with nearly the same readiness as after long absti- 
nence from liquids (§ 108) ; the rate of absorption being in great degree 
governed by that at which the liquid is disposed-of. It follows, there- 
fore, that the absorption of even a considerable amount of water within 
a short time, need not really involve any great dilution of the blood ; 
and it is probable that a considerable reduction of its density will be 
thus produced in a state of health, only when it has first undergone an 
unusual elevation, in consequence of the removal of part of its water by 
perspiration, diuresis, &c., without a corresponding replacement of it by 
absorption. — The influence of the Regimen upon the composition of the 
blood, however, appears to be more definite and constant. An animal 
diet tends to increase the whole amount of solid matter, but especially to 
augment the proportion of corpuscles. On tlie other hand, a vegetable 
diet tends to lower the whole amount of solid matter, occasioning a 
marked reduction in the corpuscles, whilst it seems rather to increase the 
albumen ; thus showing that the decrease in the corpuscles is not due to 

* ‘‘Zeitschr. fiir wissenschaft. Zool.,” 1858, cited in Prof. Lehmann’s “Physiologische 
Chemie,” 2nd edit., band ii. p. 217. 

t ^ * Chai-akter Lfitik der Chulera,” 161-164. 
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L their azotized pabulum, but depends on some other con- 
development of fibrin appears to take place at least as 
r^dily on the vegetable, as on the animal regimen. Hence we see 
w at may, and what may not, be effected in the treatment of disease, by 
e adoption of a particular dietetic system; for we may promote or retard 
the development of the red corpuscles by the employment of an animal 
or a vegetable regimen, but can make little or no impression upon the 
fibrm.* * * § - The ^ effect of complete abstinence from food, also, or of a con- 
tinued insufficient supply of it, is to reduce the proportion of the whole 
solid constituents ; but in this case, too, the corpuscles are much more 
reduced than the albumen ; and very little effect is produced upon the 
fibrin, which at once undergoes an absolute increase if any infiammatory 
affection should develope itself. 

1G6. The effect of JjOss of Blood is of a very similar nature to that of 
abstinence. Almost as soon as the stream begins to flow from a wounded 
vessel, there seems to be a transudation of watery fluid from the tissues 
into the current of blood; for this undergoes a rapid diminution in 
density, so that the portion last drawn is of lower specific gravity, and 
contains a considerably smaller amount of solid matter, than that which 
first issued. This fact, which has long been known, has of late been 
more precisely determined by Drs. Zimmerman,t Polli,J and J. Davy,§ 
from whose observations, as well as from the results of the analyses of 
MM. Becquerel and Rodicr, it appears that the special effect of bleeding is to 
lower the proportion ol‘ red corpuscles, whilst it has no power of effecting 
a diminution in the amount of Fibrin, Albumen, Extractive and Saline 
matters, or Fat. We shall find, indeed, that in inflammatory diseases 
the amount of fibrin imdergoes an extraordinary increase (§ 178), which 
is not checked in the slightest appreciable degree by the most copious 
venesection. It is remarkable that after very considerable losses of 
blood, a decided increase shows itself in the proportion of Colourless 
corjmscles, not only relativeli/ (as to the red) but absolutely ; so that, in 
the blood of a Horse from which 50 lbs. have been previously abstracted, 
the coloured and the colourless corpuscles appear to exist in equal 
numbers. 1 1 

167. We have now to consider the differences which present them- 
selves in the composition of the Blood dra'svn from different vessels of 
the Sfune body ; these, it is obvious, being dependent on the changes to 
which the fluid is subjected, during its passage through organs that will 
appropriate or change its several constituents in an unequal degree. And 
the first and most important of these sets of differences, is that which 
exists between Arterial and Venous blood. The analyses already cited 
having been made chiefly upon the latter, it will be sufficient here to 
state the general results of comparative inquiries into the composition of 
the former. The quantity of solid constituents pertaining to the Cor- 
puscles is smaller ; they contain relatively more haematin and salts, but 

* See on this subject the treatise of M. Emile Marchand, “De 1’ Influence comparative 
du R6^me V6g6tal et du Regime Animal sur le Physique et le Moral de PHomme.” 

•f* “ Heller’s Arcliiv,” baud iv. p. 385. 

t See “Medico-Chirurgical Review,” Oct., 1847. 

§ “ Anatomical and Physiological Researches,” vol. ii. p. 28. 

11 Kdlliker’s “Manual of Human Histology” (Sydenham Society’s edit.), vol. u. p. 380. 
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much less fat. The liquor sanguinis is somewhat richer in Fibrin ; but 
it contains a larger proportion of water, and consequently less Albumen, 
The Fatty matters of the serum, as well as of the corpuscles, are consi- 
derably diminished ; on the other hand, the Extractive and Saccharine 
matters are decidedly increased. It is affirmed by Dr. G, O. Rees,* that 
the phosphorus which exists in venous blood in an unoxidized state, 
united with the fat of the corpuscles, is converted by the respiratory 
process into phosphoric acid, which passes into the serum and imites with 
alkaline bases; and this view seems borne out by the more recent 
analyses of Reich.f — The most remarkable difference between Arterial 
and Venous blood, however, lies in the amount of gases which they 
respectively contain. 

168. Pneumatology of the Blood. — The Gases contained in tlie blood 
chiefly consist of Carbonic acid and Oxygen. A small proportion of Nitrogen 
and traces of Ammonia are, however, constantly present. In 100 volumes of 
blood are found rather less than 50 volumes of these gases collectively ; 
but their total quantity, as well as their relative proportions, present con- 
siderable variations in different parts of the body. From the results of 
numerous recent researches the conclusion may be drawn, that the affinity 
or capacity of absorption of the blood for the two first-named gases at 
least, is peculiar, follows laws of its own, and differs materially from that 
of other liquids. If we compare it, for instance, with water, we find that 
whilst 100 vol. of water will take up 2*97 vol. of Oxygen at standard 
temperature and pressure, the same quantity of blood, at 32° F., 
will absorb from 16*882 vol. to 19*794 vol. and the amount ab- 
sorbed appears to be but slightly affected by the degree of pressure to 
which the fluid is subjected, though according to the experiments of 
Bernard § it varies to a considerable extent in blood drawn from different 
regions of the body. Thus whilst 100 vol. of arterial blood absorbed 8*9 
vol. of Oxygen, the same quantity of blood taken from the Jugular Vein 
absorbed 16 vol,, from the Right Heart 21*1 vol., and from the Portal 
Vein 30 vol. of this gas. In a similar manner, whilst 100 vol. of water 
will absorb about 100 vol. of Carbonic acid at ordinary temperature and 
pressure, Meyer || found that 100 vol, of fresh defibrinated blood would 
take up 178*3 vol. of Carbonic acid at 48° F.; the quantity increas- 
ing, though not in direct proportion, with the pressure. Even as regards 
Nitrogen, the Blood appears to possess a superior power of absorption 
than pure water, 100 vol. of the latter absorbing at ordinary temperature 
and pressure about 1*5 vol. of nitrogen, while 100 vol. of fresh defibri- 
nated Blood deprived of gas by exhaustion will absorb about 5 vol. at a 
temp, of 65° F. and imder a pressure of 0*6 m. (Setschcnow). It is very 
evident then that the absorption of these gases does not take place in 
accordance with the ordinary law established by Dalton and Henry, but 
that chemical affinity must come into play ; and the investigations of 

* “Philosophical Magazine,” vol. xxxiii. p. 28. 

f “ Archiv der Pharmacie, ** and “ Liebig and Kopp’s Report” for 1849, p. 866. / 

t ^tschenow, ‘BeitragezurPneumatologiedesBlutes,’ ** Sitzungsbericht d. k. Akad." 
d. Wissens.” xxxvi. 1859, p. 293. See also Feinet, “ Annal. de Scien, Nat.,” 18^o, 
tom. viii. p. 125. 

§ “Lemons,” 1859, tom. i. p. 282. 

li “ Zeitschrift f. Eat. Med.,” band viii. p. 256. 
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Meyer, Fernet, Heidenhain,* and others indicate that the Carbonic Acid 
present in the blood may be divided into two portions, of which one fol- 
lows the ordinary law of absorption, whilst the absorption of the other 
is only explicable on the supposition of there being certain substances in 
the blood for which it possesses a strong affinity, and with which it enters 
into combination. These substances appear to be the Carbonate and 
Phosphate of Soda contained in the Liquor Sanguinis, for dilute solutions 
of both these salts in pure water exert a well-marked influence in in- 
creasing the quantity of Carbonic Acid which can be absorbed ; in the 
former case a bicarbonate of the alkali being formed, and in the latter 
case a peculiar double salt, represented, according to Fernet, by the 
formula PO^ + 2 Na O HO + 2 CO.'|' — As regards the Oxygen contained 
in the Blood, there seems every reason to believe that it is altogether 
present in the state of chemical combination with some constituent of the 
Bed Corpuscles : since, in the flrst place, it has been shown by Bernard J 
that a solution of pyrogallic acid, the affinity of which for oxygen is well 
known, will not abstract it when injected into the vessels, the acid re- 
appearing unchanged in the urine ; whilst the observations of Berzelius 
long ago proved that serum alone possesses no greater power of absorbing 
oxygen than pure water. The importance of the absorption of this gas 
being dependent upon chemical affinity and not simply upon pressure, is 
sufficiently obvious ; since, by securing the introduction of a deflnite 
proportion of this gas, it enables animal life to be maintained without 
difficulty at all altitudes, and under the most various conditions of atmo- 
spheric pressure. 

109. The actual quantity and relative proportions of the Gases con- 
tained in the Blood, as well as the exact ratio of the combined to the 
simply absorbed gases, is still a matter of question. The following table 
gives the most recent observations on this subject :§ — 


In 100 Vols. 

Total Quantity 
of Gas contained 
in the Blood. 

Free Gas. 

tc 

O 

Nitrogen. 

Carbonic Acid. 

Observer. 

1 

Free. 

Combined. 

Total. 

Arterial Blood (Bog) 

49-49 

20-88 

12-43 

2-83 

5-62 

28-61 

34-23 

Meyer 

Ditto .... 

54 08 

25-50 

14-29 

5-04 

617 

28-58 

34-75 

>» 

Defibrined Calfs Blood 

35-16 

17-04 

11-55 j 

4-40 

1-09 

18-12 

19-21 

>» 

Arterial Blood of Dog 

49-44 

46-90 

15-05 

1-19 

30-66 

2-64 

33-20 

Setschenow 

Human Blood 

48-20 

45-88 

16-41 

1-20 

28-27 

2-32 

30-59 

Schoffer 

Arterial Blood of Dog 

46-22 

— 

11-39 

4-18 

— 

1-90 

30-08 

Venous Blood of same 









animal . . . . 

— 

— 

4-16 

— 

— 

5-49 

29-32 

>> 

Arterial Blood of Dog 

41-32 

— 

9-88 

1-54 

— 

— 

29-90 

Nawrocki 


It will be observed that whilst the total quantity of Gases contained 
in the Blood is given at nearly the same amount by all observers, there 


* ‘‘Studien des Physiolog. lust, zii Breslau,” 1863, p. 103. 

+ Heidenhain’s experiments show that this statement only holds for very dilute 
solutions. 

It Bernard, “Lemons,” 1859, vol. i. p. 337. 

I See llenle and Meissner, 1857, 1859, p. 303, 1860, p. 330; v. Gonip-Besanez, 
“Phys. Chemie,” 1862, p. 822. 
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is a wide difference in the proportions assigned by Meyer and Setschenow 
respectively to the free and combined Carbonic acid. The results of 
Setschenow are probably the more accurate, as he kept the Blood in a very 
perfect vacuum for a longer period, and maintained it at a temperature 
of about 100° F,, a point which had been previously neglected. Suppos- 
ing the result obtained by this observer to be correct, it follows, as Fernet 
observes, that there can be but little Bicarbonated Alkali in the Blood, 
since this will not give up its CO^ to mere exhaustion ; and we must con- 
clude that the Carbonic Acid taken up in excess of the ordinary law of 
absorption is due to the Phosphate of Soda contained in the Serum of the 
Blood. — The percentage proportion of the Gases of the Blood amongst 
themselves, obtained from the mean of seven observations of Meyer and 
Setschenow, is — 

Oxygen 28*20 

Nitrogen 7*10 

Carbonic Acid 64*70 

100*0 

In all experiments made to determine the proportions of the Gases of the 
Blood, the investigation should be commenced immediately after the 
blood has been withdrawn ; since it is certain that the quantity of Oxygen 
decreases, and of Carbonic Acid increases, with considerable rapidity. 
Thus Felix Nawrocki* Ibund the following differences in two equal and 
similar portions of blood drawn at the same time, one of which (i.) was 
examined immediately, and the other (ii.) after the lapse of 24 hours, 
the mean temperature of the air in which was 86° F. : — 


I. II. 

CO. ... 34*66 40*95 

0 ... 7*72 1*02 

N . . . 1*97 0*67 


42*64 Vol. in 100 of Blood. 

The variation which occurs in the proportion of the several Gases in 
different kinds of Blood is well shown in the following results obtained by 
Sczelkow,t where A indicates Arterial blood, MB the blood returning from 
muscles at rest, and MA that returning from muscles in action : — 


Total Gas. 


N 

Free COg 

Combined 

CO2 

Total 

CO, 

A 

43*515 

17*334 

1*636 

24*204 

0*341 

24*545 

MR 

40*460 

7*6 

1*364 

31*036 

0*550 

31*686 

MA 

37*069 

1*265 

0*923 

34*443 

0*438 

34*881 


In other experiments Sczelkow fomid that the venous blood returning 
from muscles at rest contained on the average 6*71 per cent more 
Carbonic acid and 9 per cent less Oxygen than arterial blood, whilst 
that returning from muscles in action contained an excess of 10*79 per 
cent of Carbonic acid, and a deficit of from 12 to 14 or even 16 per 
cent of Oxygen ; and similar results were obtained by Bernard. J From 

* See '*Studien des Physiolog. Institut zu Breslau,” 1863, p. 144. 

+ “ Sitzungabeiicht d. Wiener Akad./’ bond xlv., 1862. 

j “Le^oni^” vol. ii. 1859, p. 485. 


44*35 
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the inquiries of His,* it appears that the Blood- Corpuscles possess peculiar 
relations to Ozone, absorbing that allotropic condition of Oxygen with 
considerable energy, but parting with it again with equal j^cility, and 
acting therefore pre-eminently as Ozone carriers. 

170. The increase of the Fibrin, however, which seems to be effected 
during the aeration of the Blood, must be taken as an indication that a 
certain part of the oxygen absorbed from the air is made directly subser- 
vient to changes in the composition of the circulating fluid ; and it appears 
from certain of its reactions, that the fibrin of arterial blood must be in 
a state of higher oxidation than that of venous. Now although the dif- 
ferences between fibrin and albumen lead us to regard the production of 
the former from the latter as rather a vital than a chemical change, yet 
the existence of the difference in question obviously points to the presence 
of oxygen as a condition essential to its performance ; and this inference 
is fully confirmed by the experiments of Dr. Gairdner,*)* on the influence 
of the respiration of pure oxygen on the production of fibrin. As 
the Babbit was on many accounts the most convenient warm-blooded 
animal for such a trial, he first set himself to determine the normal 
proportions of the constituents of its blood. The analysis of the blood 
drawn from the aorta in six healthy individuals, yielded the following 
results : — 



Me^. 

Max. 

Min. 

Fibrin . . 

. 1*65 

2-00 

1*45 

Corpuscles 

. 82 35 

92*00 

70*00 

Albumen . . 

. 46*30 

58*00 

37-20 


On the other hand, the anal} sis of the blood of three individuals which 
had been made to respire pure oxygen for half an hour, gave the following 
as the proportions of its components : — 



Mean. 

Max. 

Min. 

Fibrin . . 

. 2*40 

2 50 

2*30 

Corpuscles 

. 69*56 

76-00 

60*50 

Albumen , . 

. 40*23 

46-70 

85*00 


It is further stated by Dr. Gairdner, J that a rabbit having been kept 
for half an hour under the influence of an electro-magnetic current 
between the chest and spine, which produced a great acceleration in 
the respiratory movements, its blood was found to contain as much as 
2*9 parts of fibrin in 1000.§ — The larger quantity of fibrin in arterial 
blood of itself renders its coagulum firmer ; but independently of this, 
there would seem to be a difference in the quahty of the fibrin, which, 
when separated by stirring or whipping, is more tenacious and compact 
in arterial than in venous blood. 

171. The proportion of Bed Corpuaples in arterial and venous blood 
respectively, has been variously stated by different observers ; and we may 
easily conceive it to be affected by several circumstances, which may 
produce a change in the whole proportion of the solid to the fluid con- 

* Journal de la Physiol.,” vol. i. 1858, p. 6S4. 

t Treatise ** On Gout,” 2nd edit., pp. 163-4. J Op. cit., p. 183. 

§ More recently Mr. A. H. Smee (“Proceedings of the Eoyal Society,” 1863), and 
V. Gorup-Besanez (‘‘Physiolog. Chemie,” 1862, p. 187) hare stated that they have 
obtained a fibrin-like substance ; the former, by transmitting Oxygen, and the latter 
Ozone, through an albuminous fluid. 
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stituents of the blood, during the course of its circulation. Thus, 
discharge of the contents of the thoracic duct into the venous system n 
the heart, will tend to dilute the blood of the pulmonary and artei 
circulation ; whilst, conversely, the escape of the watery part of the blc 
by the renal and cutaneous secretions, and by transudation into 
tissues, which takes place during its passage through the systemic caj 
laries, will tend to augment the proportion of the solids of the blc 
drawn from the systemic veins. On the other hand, if the discharge 
fluid from the thoracic duct be suspended, and the amount absorbed fr 
the tissues during the systemic circulation should exceed that which 
transuded (as appears sometimes to happen, § 166), then the proport 
of solid matter will be less in venous than in arterial blood. — No bi 
explanation will apply, however, to the very marked differences exhibi 
in Dr. Gairdner’s experiments just cited, between the proportions of i 
corpuscles and of albumen in the ordinary arterial blood of rabbits, a 
in that of the individuals whose blood had been hyper-arterialized ; 
sum of the averages in the former case being 128*65, and in the lat 
109*79, the difference of which is 18*86, or nearly one-seventh of the lar] 
amount. Still, that this difference is in great part due, rather to dilut 
of the blood, than to the absolute diminution in its entire amount of i 
corpuscles and of albumen, would seem probable from the fact that th 
relative amount is almost exactly the same in the two cases, the prop< 
tion of corpuscles to albumen being 1*78 :1 in the normal blood, p 
1*72 : 1 in the oxygenated.^ 

172. The difference in the colour of arterial and of venous blood, whi 
is entirely dependent upon the state of the Ked Corpuscles, has be 
commonly supposed to be produced by a chemical change exerted up 
their Haematin by oxygen and carbonic acid respectively. Of such chan, 
however, there is no adequate evidence ; and there are many indicatic 
that we are to look for the source of the difference of colour, rather 
modifications in the/orm of the corpuscles, affecting their power of trai 
mitting and reflecting light, than in any chemical alterations of th 
contents. It is true that if arterial blood be exposed to carbonic acid c 
of the body, it will acquire the dark hue of venous blood ; whilst, co 
versely, venous blood exposed to oxygen will acquire (on its surface 
least, the florid hue of arterial blood. But for these changes to ta 
place, it is necessary that the normal proportion of saline matter shoi 
exist in tlie serum in which the corpuscles float. For if arterial bio 
deprived of its fibrin be diluted with twice or thrice its volume of wat 
it assumes a dark venous tint, which is not affected by the passage oi 
current of oxygen through it ; yet the red colour is restored by t 
addition of a saturated solution of a neutral salt, even without the conti 
of oxygen. On the other hand, venous blood is reddened by the additi 
of a strong saline solution, without any exposure to oxygen ; and it is r 
readily darkened again by the passage of carbonic acid through it. Aga 
a scarlet clot is darkened by washing it with distilled water, and is on 
very slowly reddened by exposure to oxygen ; whilst a black clot becom 
at once scarlet when it is washed with salt, and is not blackened again 

It would be important to determine the comparative amount of carbonic acid, a 
of the solids of the urine, excreted in the same time by two sets of animals placed un( 
these very diverse conditions. 
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Carbonic acid. Further, if the corpuscles be treated with water until the 
hasmatin is diffused through the liquid, scarcely any effect is produced 
upon the hue of the solution, either by carbonic acid, by oxygen, or by 
salines ; such slight alteration as does occur being fairly attributable to 
the influence which the absorption of these gases may produce upon the 
colouring matter, without entering into chemical combination with it. — 
Hence it is obvious that the light or dark colour of the blood affords no 
indication whatever of its state of oxygenation, since the change from the 
one to the other may be effected by other agents ; and if we examine into 
the nature of their influence, we find that the blood is darkened by what- 
ever tends to distend the corpuscles, so as to render them flat or bi-convex, 
whilst it is brightened by whatever tends to empty them, so as to render 
them more deeply bi-concave than usual.* The varying circumstances 
under which either arterial or venous blood may be at one time dark 
and at another scarlet in colour, have been very fully discussed by 
Bernard. f He observes that in the Foetus, and in the asphyxiated 

animal, the blood is everywhere dark or venous. On the contrary, 
during sleep, in the hibernants during the period of repose, and in 
animals dying by anaemia, the blood is everywhere scarlet or arterial. 
With high temperatures of the surrounding medium, whether this be air 
or water, there is little difference in the colour of the two kinds of blood, 
the arterial being less and the venous more florid than usual. J The 
difference between them is, on the other hand, best marked in cold 
weather. The Blood contained in the veins of muscles is dark, and 
always of a deeper shade in proportion to the energy and duration of the 
previous muscular contraction, whilst that returning from the glands is 
always brighter in proportion to the activity with which secretion is being 
performed ; and in the latter instance, with the alteration in colour, the 
amount of fibrin is found to be diminished, or so modified as to form a 
softer clot, from which a larger quantity of serum separates. It is remark- 
able that if the dark- coloured clot of ordinary venous blood be immersed 
in the serum of the scarlet venous blood, it rapidly assumes a brighter 
tint, and conversely the clot of scarlet venous blood changes to a dark 
colour when immersed in the serum of deep-coloured venous blood; 
from which we may conclude that the primary changes are effected upon 
the Liquor Sanguinis, and not upon the corpuscles. The influence of the 
Nervous System in inducing alterations in the colour of the blood return- 
ing from glands has already been pointed out (§ 80). 

173. Although no difference can be detected between samples of blood 
drawn from various parts of the Arterial system of the same animal, very 
important variations exist, as might be expected, in the composition of 
the blood drawn from the several parts of the Venovs system ; since the 
changes to which it has been subjected in the several organs through which 
it has passed, are of a very diversified character. The blood of the Vena 
Port®, for example, differs considerably from the blood of the Hepatic 

* Messrs. Todd and Bowman (“Phya. Anat vol. li. p 298) were, however, unable to 
discern any difference in form under the microscope between the Corpuscles of Venous and 
Arterial Blood. 

+ “Lemons,” xi. to xix., 1869. 

t See an account of Davy’s and Crawford’s Experiments in Gulliver’s Lectures, 
“Med. Times and Gaz.,” 1863, vol. i. p. 1. 

M 
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stituents of the blood, during the course of its circulation. Thus, the 
discharge of the contents of ^e thoracic duct into the venous system near 
the heart, will tend to dilute the blood of the pulmonary and arterial 
circulation ; whilst, conversely, the escape of the watery part of the blood 
by the renal and cutaneous secretions, and by transudation into the 
tissues, which takes place during its passage through the systemic capil- 
laries, will tend to augment the proportion of the solids of the blood 
drawn from the systemic veins. On the other hand, if the discharge of 
fluid from the thoracic duct be suspended, and the amount absorbed from 
the tissues during the systemic circulation should exceed that which is 
transuded (as appears sometimes to happen, § 166), then the proportion 
of solid matter will be less in venous than in arterial blood. — No such 
explanation will apply, however, to the very marked differences exhibited 
in Dr. Gairdner’s experiments just cited, between the proportions of red 
corpuscles and of albumen in the ordinary arterial blood of rabbits, and 
in that of the individuals whose blood had been hyper-arterial ized ; the 
sum of the averages in the former case being 128*65, and in the latter 
109*79, the difference of which is 18*86, or nearly one-seventh of the larger 
amount. Still, that this difference is in great part due, rather to dilution 
of the blood, than to the absolute diminution in its entire amount of red 
corpuscles and of albumen, would seem probable from the fact that their 
relative amount is almost exactly the same in the two cases, the propor- 
tion of corpuscles to albumen being 1*78:1 in the normal blood, ^nd 
1*72 : 1 in the oxygenated.* 

172. The difference in the colour of arterial and of venous blood, which 
is entirely dependent upon the state of the Red Corpuscles, has been 
commonly supposed to be produced by a chemical change exerted upon 
their HaBmatin by oxygen and carbonic acid respectively. Of such change, 
however, there is no adequate evidence ; and there are many indications 
that we are to look for the source of the difference of colour, rather in 
modifications in the /orm of the corpuscles, affecting their power of trans- 
mitting and reflecting light, than in any chemical alterations of their 
contents. It is true that if arterial blood be exposed to carbonic acid out 
of the body, it will acquire the dark hue of venous blood ; whilst, con- 
versely, venous blood exposed to oxygen will acquire (on its surface at 
least, the florid hue of arterial blood. But for these changes to take 
place, it is necessary that the normal proportion of saline matter should 
exist in the serum in which the corpuscles float. For if arterial blood 
deprived of its fibrin be diluted with twice or thrice its volume of water, 
it assumes a dark venous tint, which is not affected by the passage of a 
current of oxygen through it ; yet the red colour is restored by the 
addition of a saturated solution of a neutral salt, even without the contact 
of oxygen. On the other hand, venous blood is reddened by the addition 
of a strong saline solution, without any exposure to oxygen ; and it is not 
readily darkened again by the passage of carbonic acid through it. Again, 
a scarlet clot is darkened by washing it with distilled water, and is only 
very slowly reddened by exposure to oxygen ; whilst a black clot becomes 
at once scarlet when it is washed with salt, and is not blackened again by 

It would he important to determine the comparative amount of carbonic acid, and 
of the solids of the urine, excreted in the same time by two sets of animals placed under 
these very diverse conditions. 
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carbonic acid. Further, if the corpuscles be treated with water until the 
hasmatin is diffused through the liquid, scarcely any effect is produced 
upon the hue of the solution, either by carbonic acid, by oxygen, or by 
salines ; such slight alteration as does occur being fairly attributable to 
the influence which the absorption of these gases may produce upon the 
colouring matter, without entering into chemical combination with it. — 
Hence it is obvious that the light or dark colour of the blood affords no 
indication whatever of its state of oxygenation, since the change from the 
one to the other may be effected by other agents ; and if we examine into 
the nature of their influence, we find that the blood is darkened by what- 
ever tends to distend the corpuscles, so as to render them flat or bi-convex, 
whilst it is brightened by whatever tends to empty them, so as to render 
them more deeply bi-concave than usual.* ** The varying circumstances 
under which either arterial or venous blood may be at one time dark 
and at another scarlet in colour, have been very fully discussed by 
Bernard.^ He observes that in the Foetus, and in the asphyxiated 
animal, the blood is everywhere dark or venous. On the contrary, 
during sleep, in the hibernants during the period of repose, and in 
animals dying by anaemia, the blood is everywliere scarlet or arterial. 
With high temperatures of the surrounding medium, whether this be air 
or water, there is little difference in the colour of the two kinds of blood, 
the arterial being less and the venous more florid than usual. J The 
difference between them is, on the other hand, best marked in cold 
weather. The Blood contained in the veins of muscles is dark, and 
always of a deeper shade in proportion to the energy and duration of the 
previous muscular contraction, whilst that returning from the glands is 
always brighter in proportion to the activity with which secretion is being 
performed ; and in the latter instance, with the alteration in colour, the 
amount of fibrin is found to be diminished, or so modified as to form a 
softer clot, from which a larger quantity of serum separates. It is remark- 
able that if the dark- coloured clot of ordinary venous blood be immersed 
in the serum of the scarlet venous blood, it rapidly assumes a brighter 
tint, and conversely the clot of scarlet venous blood changes to a dark 
colour when immersed in the serum of deep- coloured venous blood ; 
from which we may conclude that the primary changes are effected upon 
the Liquor Sanguinis, and not upon the corpuscles. The influence of the 
Nervous System in inducing alterations in the colour of the blood return- 
ing from glands has already been pointed out (§ 80). 

173. Although no difference can be detected between samples of blood 
drawn from various parts of the Arterial system of the same animal, very 
important variations exist, as might be expected, in the composition of 
the blood drawn from the several parts of the Venous system ; since the 
changes to which it has been subjected in the several organs through which 
it has passed, are of a very diversified character. The blood of the Vena 
Portae, for example, differs considerably from the blood of the Hepatic 

* Messrs. Todd and Bowman (‘‘Phys. Anat.,’* vol. ii. p 298) were, however, unable to 
discern any difference in form under the microscope between the Corpuscles of Venous and 
Arterial Blood. 

+ “Lemons,” xi. to xix., 1859. 

i See an account of Davy’s and Crawford’s Experiments in Gulliver’s Lectures, 

**Med. Times and Gaz.,” 1863, vol. i. p. 1. 
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vein, and both of these differ from the blood of the Jugular. So, again, the 
blood of the Splenic as well as that of the Renal vein differs from all the 
preceding. The most important and best-established of these diversities 
will now be enumerated. — In speaking of the composition of the blood of 
the Vena PortcB^ it must be remembered that this consists of two very- 
distinct factors, namely, the blood of the Gastric and Mesenteric veins, 
and the blood of the Splenic vein ; the former having been altered by the 
introduction of solid and liquid alimentary matters, and the latter by its 
circulation through the spleen. These, therefore, ought to be separately 
studied ; and this has been done by M. Jules Bedard.* The characters 
of the blood returning by the Gastric and Mesenteric veins from the walls 
of the alimentary canal, are of course affected by the stage of the digestive 
process, and by the nature and amount of the absorbable matters. As 
compared with the ordinary venous blood, the total quantity of its solid 
constituents is lowered during the early part of the digestive process, by 
the dilution it suffers through the imbibition of liquid ; and this dimi- 
nution is especially remarkable in the corpuscles, the relative proportion 
of albumen being increased by the introduction of new albuminous matter 
from the food. Towards the conclusion of the digestive process, however, 
the blood of the mesenteric veins gradually comes to present the ordinary 
proportions of these two components ; and in an animal that has been 
subjected to long abstinence, it does not differ from that of the venous 
system in general. The quantity of extractive is usually increased ; and 
in this part of the blood it must be, that sugar, dextrin, gelatin, and 
other soluble organic matters that arc taken into the circulation, are con- 
tained. Some of these have in fact been detected in it.j* The fibrin of 
the blood of the mesenteric veins aj)pears to be less perfectly elaborated 
than that of the blood in general ; for the blood of the mesenteric veins 
coagulates less firmly (having been erroneously asserted by some not to 
coagulate at all) ; and its fibrin, when separated by stirring, shows a 
marked deficiency in tenacity, and liquefies completely in the course of a 
few hours. A part of the albuminous constituent of this blood does not 
present the characters of true albumen, for it is not precipitated by heat 
or by nitric acid, and the precipitate thrown-down by alcohol is redis- 
solved by water ; like albumen, however, it is precipitated by the 
metallic salts, creosote, and tannin. This substance, which has been dis- 
tinguished by M. Mialhe as albrnninose, further differs from true albumen 
in the facility with which it traverses organic membranes ; for these resist 
the passage of albumen, while they are freely transuded by albuminose. 
And it is affirmed by M. Mialhe, that the want of that conversion of 
albuminose into albumen, which ought to take place as part of the assi- 
milating process, is one cause of the readiness with which albuminous 
matter transudes from the blood in albuminuria and in dropsies ; this 
albuminous matter frequently having rather the characters of albuminose, 
than those of true albumen. J 

174. That the Spleen ordinarily effects a marked change in the con- 

* See hig Memoir io the Arch. Q6n. de M6d.,” 4® serie, tom. xviii. p. 322 et aeq,; 
and his edition of his father’s “E16mens d’Anatomie G6nerale,” pp. 266, 266. 

f See the Researches of MM. Bouchardat and Sandras in the “ Supplement 4 TAii- 
nuaire de Th4rapeutique,” 1846. 

t See the “Coursde Physiologie” of M. Paul Berard, tom. iii. p. 87. 
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stitution of the blood which passes through it, appears from the analyses 
made by Mr. Gray and M. B^clard,* of the blood drawn from the interior 
of the organ itself after its removal, the splenic vein having been pre- 
viously tied. The nature and amount of these changes, however, differ 
in a very marked degree, according to the stage of the digestive operation 
and the general condition of the nutritive functions ; and it is to this cir- 
cumstance that we are probably to ascribe much of the diversity in the 
results obtained by previous experimenters. A marked decrease in the 
total amount of solid matter is generally observable ; the average of twelve 
experiments giving only 187T per 1000 of solid constituents in the splenic 
blood, whilst the arterial blood of the same animals contained 239 parts, 
and the jugular venous blood 201 parts. This decrease depends upon the 
diminished proportion of red corpuscles^ which seems always to present 
itself, except in starved or extremely ill-fed animals. On the other hand, 
the albumen usually exhibits a marked increase, which may even double 
its previous amount ; and this seems greatest at an interval of some hours 
after feeding. The fibrin seems to be almost con- 
stantly augmented, and this sometimes in a very 
remarkable degree; the quantity found in the 
splenic blood varying from 2*5 to 11-53 parts in 
1000, or from an amount a little above the usual 
standard, to nearly six times that average.f The 
blood of the Splenic vein is further remarkable for 
the large proportion of colourless corpuscles (appa- 
rently derived from the white portion of its 
parenchyma) which it includes. HirtJ coimted 1 
colourless to 2179 coloured corpuscles in the 
Blood of the Splenic Artery, but 1 colourless to 60 
coloured in that of the Splenic Vein; and the latter 
is also remarkable for containing a number of 
fibrinous flakes and of peculiar cells including rod-like crystals of reddish- 
yellow colouring matter (Fig. 42), which seem to be red corpuscles in a state 
of degeneration. 

175. Many comparative observations have been made upon the blood 
of the Vena Portoi and of the Hepatic vein ; but a large part of them, 
according to M. Cl. Bernard, are vitiated by the fact, that, unless the 
vena porta? bo tied, a reflux of blood takes place into it from the liver, 
so that the blood which flows when it is wounded, is not so much portal 
as hepatic blood. According to this experimenter, the blood of the 
hepatic vein is peculiar as containing an increased proportion not only 
of sugar but also of fat ; these substances being generated, during the 
passage of the blood through the liver, not only from amylaceous or other 
saccharine matters, but even from azotized compounds. The production 
of fat is to a certain degree vicarious with that of sugar ; and the former 

* “ On the Structure and Uses of the Spleen,” 1854. 

+ It seems obvious that such an enormous diminution of the Red Corpuscles can only 
take place in blood which is partially or completely stagnated in the organ ; since, if the 
circulation through it were taking-place at the usual rate, all the blood in the body would 
be speedily subjected to the process, and its corpuscles would be (as it were) entirely 
melted down. — For a statement of Mr. Gray’s views, with critical observations thereon, 
see the “Brit, and For. Med.-Chir. Eev.,” Jan. 1855. 

t “Muller’s Archiv,” 1856. 
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is characteristic of herbivorous, the latter of carnivorous animals. Ac- 
cording to Prof. Lehmann, the blood of the hepatic vein differs from that 
of the portal in the following particulars. ‘‘ It is far poorer in water ; so 
that, assuming the solid constituents of the blood to be equal in both 
kinds of blood, the quantity of water in the blood of the portal vein is to 
that in the blood of the hepatic vein as 4 : 3 during digestion and when 
not much drink has been taken, and sometimes as much as 12:5 after 
digestion has been fully accomplished. The blood of the hepatic vein 
either does not coagulate at all, or the clot is bulky and readily breaks 
down. Whilst 34 parts of serum are separated from 100 parts of portal 
blood, only 15 are separated from 100 parts of the blood of the hepatic 
vein. The blood of the hepatic vein is far richer in blood- cells, both 
coloured and colourless, than that of the portal vein ; the colourless cor- 
puscles occur in the most varied shapes and sizes ; Hirt estimated that 
the proportion of the colourless to the red corpuscles was in the portal 
venous blood as 1 : 524, in the hepatic as 1:136; the coloured are seen 
in heaps of a distinct violet colour, and their cell-walls are less readily 
destroyed by water than are those of the blood of most other vessels. 
The cells in the blood of the hepatic veins are poorer in fat and in salts, 
and especially in hasmatin, or at least iron, but somewhat richer in ex- 
tractive matters. Their specific gravity is higher than that of the cells 
of the portal blood, notwithstanding the diminished quantity of iron. 
The plasma of the blood of the hepatic veins is far denser than that of 
the blood of the portal vein, for it contains a much larger amount of solid 
constituents generally, although little or no fibrin is to be found in it. 
If we compare the solid constituents of the serum of both kinds of blood, 
we find less albumen and fat, and far less salts, in the blood of the hepatic 
vein, while the quantity of extractive matter, including sugar, is percep- 
tibly augmented.”* It cannot be doubted that when the secretion of 
urine is proceeding with rapidity, the blood of the Renal vein must con- 
tain a smaller proportion of water than that of the renal artery, and that 
the quantity of salines also must be diminished ; since a separation of 
these ingredients takes place in the passage of the blood through the renal 
capillaries. So far as regards the quantity of water, this h 'priori conclu- 
sion has been confirmed by the analyses of Simon, who found 790 parts 
of water in 1000 of blood drawn from the renal artery, and only 778 in 
blood drawn from the renal vein of the same animal. f And Picardf 
found in the renal arterial blood of two dogs 0*0365 and 0* § 04 per cent 
of Urea, whilst in the venous blood returning from the kidneys the pro- 
portion was 0.0186 and 0*02 per cent. Poisseuille and Gobley,§ however, 
did not find the difference so well-marked or constant. 

176. Alterations in the Composition of the Blood in Disease . — Under 
this head it is intended here to consider, not the state of the Blood in 
every principal type of disease (which it is the duty of the Pathologist 
to investigate), but the most important facts which the study of its 
morbid conditions has afforded, towards the determination of the con- 

* ** Physiological Chemistry” (Cavendish Society’s ed.), vol. ii. p. 259 ; Lehmann, 
^‘Leipziger Berichte,” iii. 131 ; and ** Pharmaceut. Central Blatt,” 1856, p. 433. 

+ Simon’s Animal Chemistry” (Sydenham Society’s ed.), vol. i. p. 214. 

4: Picard, ^‘Sur la Presence de I’Ur^e dans le Sang,” Strasbourg, 1856. 

§ *‘Comptes Rendus,” 1859, p. 164. 
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ditions tinder which decided variations take place in the quantity or 
quality of its principal components, and of the effects which those varia- 
tions produce upon the system at large. Many analyses have been made 
by excellent observers;* but in consequence of the variations in the 
mode of analysis pursued, the results can only be given in general terms. 

177. The first of these components whose variations we shall consider, 
is Fibrin; the estimate of which, however, is open to an important 
fallacy, that has not been sufficiently guarded-against, — ^namely, the 
admixture of the Colourless corpuscles. These,” as Mr. Paget correctly 
remarks, “ cannot, by any mode of analysis yet invented, be separated 
from the fibrin of mammalian blood ; their composition is unknown, but 
their weight is always included in the estimate of the fibrin. In health, 
they may, perhaps, add too little to its weight to merit consideration ; 
but in many diseases, especially in inflammatory and other blood-diseases 
in which the fibrin is said to be increased, these corpuscles become so 
numerous that a large proportion of the supposed increase of the fibrin 
must be due to their being weighed with it. On this account, all the 
statements respecting the increase of fibrin in certain diseases need re- 
vision. ’’f — In the results of the analyses now to be stated, it must be 
borne in mind that the term ‘fibrin’ really designates the ‘colourless 
coagulum’ of spontaneous formation, whatever may be its composition. 
The following may bo considered as the normal range of variation for the 
principal constituents of the blood in health, according to the mode of 
estimating them pursued by MM. Andral and Gavarret : — 


Fibrin . . . . 

from 

2 

to 

H 

parts per 1000. 

Red Corpuscles . 

ft 

110 

it 

162 

it it 

Solids of Serum . 

If 

72 

it 

88 

it it 

Water , . . . 

it 

760 

it 

8X5 

it it 


178. The most important fact substantiated by Andral, is one that had 
been previously suspected, — the invariable increase in the quantity of 
Fibrin during acute Inflammatory affections ; the increase being strictly 
proportional to the intensity of the inflammation, and to the degree of 
symptomatic fever accompanying it. “ The augmentation of the quan- 
tity of Fibrin is so certain a sign of Inflammation, that, if we find more 
than 5 parts of fibrin in 1000, in the course of any disease, we may 
positively affirm that some local inflammation exists.” The average 
proportion of Fibrin in Inflammation may be estimated at 7 ; the minimum 
at 5 ; the maximum at 13*3. The greatest augmentation is seen in 
Pneumonia and Acute Kheumatism. An increase is also commonly 
observable during the advanced stage of Phthisis, in spite of the deteriora- 
tion which the blood must then have undergone, and this is probably 
dependent upon the development of local inflammation around the tuber- 
cular deposits. In Continued and Typhoid Fevers, whilst the proportion 
of Corpuscles is commonly increased, there is a decrease in the proportion 
of Fibrin, especially in the early stage ; though the usual augmentation 
wiU take place if any local inflammation occurs. It appears from the 
experiments of Magendie, that one of the effects of a diminution in the 
proportion of Fibrin is a tendency to the occurrence of Hsemorrhage or 

* See Andral and Gavarret, “Essai d’Haematologie Pathologiqne Becqnerel and 
Bodier, Recherches sur la Composition du Sang,” &c. 

t Kirkes and Paget’s ** Handbook of Physiology,” p. 57. 
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of Congestion, either in the parenchymatous tissue or on the surface of 
membranes; and these conditions are well known to constitute common 
complications, not only of febrile diseases, but also of Apoplexy and 
Purpura hsemorrhagica, in both of which there is a marked deficiency of 
Fibrin. It has been asserted that the proportion of Fibrin is dimini^ed 
in Scurvy ; but this, from the analyses of MM. Becquerel and Kodier, 
Chatin and Bouvier,* * * § and Mr. G. Busk,f appears not to be the case, the 
proportion of fibrin being rather above than below the normal average. 
In Cholera, however, a reduction in the coagulable element of the blood 
seems to be an almost constant occurrence ; and in some instances, the 
blood, although loaded with solid matter, has scarcely coagulated at all. 
Of the blood drawn during life, it has been observed that the clot is 
loose and grumous, often not shrinking and expelling serum ; and that 
this change presents itself in a degree corresponding to the severity and 
advanced st^e of the disease. And when the blood has been removed 
from the body after death, the clots have been found loose and fragile in 
texture, sometimes almost semi-fluid. J The increase in the fibrinous 
constituents of the blood in Inflammation, as long ago maintained in 
previous editions of this work, is not dependent upon the febrile condition 
that is secondary to the local inflammation, but upon the Inflammation 
itself ; Virchow, § from careful observations, has been led to express similar 
views on this subject, remarking that the fibrin is not primarily deve- 
loped in the blood, but is a purely local production, being originally 
formed in the tissues of the inflamed part externally to the vessels, and 
being subsequently taken up by the Lymph-tubes, and by them conveyed 
to the blood. The so-called “ exudation” which is supposed to form the 
greater part of the swelling in Inflammation, and which is usually regarded 
as an eflusion from the congested vessels of the part, is in his opinion 
merely the surplus fibrin, formed in loco^ for the removal of which the 
lymphatic circulation is not sufficiently active. 

179. The amount of Eed Corpuscles seems to be subject to greater 
variation within the limits of ordinary health, than is that of fibrin. In 
the condition which is ordinarily termed a highly sanguineous tempera- 
ment, or Plethora, it is chiefly the entire mass of the blood that under- 
goes an increase ; but whatever excess there may be in the proportion of 
its solid constituents, this affects the Corpuscles rather than the fibrin. 
Pletlioric persons are not more prone to Inflammation, than are those of 
weaker constitution ; but they are liable to Congestion, especially of the 
brain, and to apoplexy or other hasmorrhage. The effect of bleeding in 
diminishing this tendency is now intelligible ; since we know that loss 
of blood reduces the proportion of corpuscles. — On the other hand, in 
that temperament j| which, when exaggerated, becomes Anaemia, there is 
a marked diminution of the Corpuscles ; and this temperament may lead, 
on the one hand to Chlorosis, in which the Red Corpuscles are diminishod 

* “ Journ. de Chimie M6dicale,” Mars, 1848. 

+ “Library of Medicine,” vol. v. p. 90. 

X See Dr. Parkes* “Eesearches into the Pathology and Treatment of the Asiatic or 
Algide Cholera,” pp. 32, 73. 

§ “Cellular Pathology,” translated by Dr. Chance, pp. 164, 166, 392. 

II The term lymphatic has been applied to this temperament ; by which term was 
meant a predominance of lymph in the absorbent vessels. 
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whilst the Fibrin remains the same, a condition of the system which is 
singularly improved by the remedial employment of Iron and, on the 
other, to Scrofula, in which a diminution of Corpuscles coexists with a 
deficiency in the amoimt or in the degree of elaboration of the Fibrin. 
A similar deficiency in the proportion of Red Corpuscles has been ob- 
served by Andral in other cachectic states induced by disease, as in 
Diabetes MeUitus, Aneurismal dilatation of the Heart producing Dropsy, 
and in Cachexia Saturnina. It occurs also in Scurvy, and in the advanced 
stages of Albuminuria ; and Dr. Williamsf has observed a similar total 
destruction of the blood-discs in a case of* malignant scarlatina with 
purpura ; and has met with indications of a partial destruction of them 
in acute purpura connected with jaundice, and in cases of functional 
derangement of the liver. 

180. A marked increase in the proportion of the Colourless Corpuscles 
has been frequently observed in the blood of Inflammatory subjects ; this 
increase is not, however, so characteristic of the Inflammatory state as 
some have supposed ; for it is by no means constant in that condition, 
and is frequently seen in very dififerent states of the system. — Atten- 
tion has recently been drawn by Prof. J. 11. Bennett J to a condition of 
the Blood, which is especially characterized by a marked excess of these 
bodies, and which he has designated by the term Leucocythcemia (white- 
cell -blood). This condition has been detected in the blood of a con- 
siderable number of individuals suffering under diseases (most commonly 
enlargement) of the Spleen, Liver, and Lymphatic glands, either separately 
or in conjunction ; but it has not yet been determined how far it is con- 
stantly associated with any of these abnormal conditions. In aU cases in 
which such blood has been analyzed, its specific gravity has been found 
very low, and the total amount of corpuscles small ; but the fibrin is 
almost invariably above the average, having in one instance risen to 7*08. 

181. The quantity of Albumen in the blood seems to vary less than 
that of most of its other constituents. The proportion which it bears to 

* The records of Medicine scarcely furnish a more notable example of the pernicious 
influence of theories founded upon a shallow Empiricism, and of the superiority of a 
Rational practice based on a knowledge of the real facts of the case, than is afforded by 
the contrast between the former and the present treatment of Chlorosis, Whilst the 
notion prevailed that the ‘bufiy coat’ is a sign of Inflammation, and that the most potent 
remedy for Inflammation is loss of blood, patients already reduced to a state of anaemia, 
who complained of pain in the left hypochondrium, palpitations, &c., were bled over and 
over again, every withdrawal of blood of course seriously increasing the mischief, by pro- 
ducing a further reduction in the proportion of red corpuscles (§166). The Author well 
remembers that, when a pupil in the Bristol Infirmary in the years 1833-4, he was 
repeatedly directed by the estimable Senior Physician (long since dead) to draw eight, 
ten, or twelve ounces of blood from patients in this condition ; and that the crassementum, 
after coagulation, often resembled a small island floating in an ocean of serum. Yet, 
because this minute clot exhibited the bufiy coat, the bleeding was considered to be 
* orthodox’ practice, and the obstinacy of the symptoms was attributed to the severity 
of the disease. If M. Andral had made no other contribution to Medical Science than 
the demonstration of the real nature of this condition of the blood, and of the influence of 
further depletion in promoting it, he would have rendered a most essential service to the 
multitudes of females who are unfortunate enough to suffer from this kind of deteriora- 
tion of their vital fluid. 

t “ Principles of Medicine,’* 2nd edit. p. 115. 

X See his successive Papers in the Edinb. Monthly Journal” for 1851, his Treatise 

On Leucocythsemia,” and his Clin. Lectures ‘‘ On the Principles and Practice of Med.,” 
3rd edit., 1859, p. 857 et aeq. 
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vein, and both of these differ from the blood of the Jugular. So, again, the 
blood of the Splenic as well as that of the Renal vein differs from all the 
preceding. The most important and best-established of these diversities 
will now be enumerated. — In speaking of the composition of the blood of 
the Vena PortcB, it must be remembered that this consists of two very 
distinct factors, namely, the blood of the Gastric and Mesenteric veins, 
and the blood of the Splenic vein ; the former having been altered by the 
introduction of solid and liquid alimentary matters, and the latter by its 
circulation through the spleen. These, therefore, ought to be separately 
studied ; and this has been done by M. Jules B(^clard.* The characters 
of the blood returning by the Gastric and Mesenteric veins from the walls 
of the alimentary canal, are of course affected by the stage of the digestive 
process, and by the nature and amount of the absorbable matters. As 
compared with the ordinary venous blood, the total quantity of its solid 
constituents is lowered during the early part of the digestive process, by 
the dilution it suffers through the imbibition of liquid ; and this dimi- 
nution is especially remarkable in the corpuscles, the relative proportion 
of albumen being increased by the introduction of new albuminous matter 
from the food. Towards the conclusion of the digestive process, however, 
the blood of the mesenteric veins gradually comes to present the ordinary 
proportions of these two components ; and in an aninial that has been 
subjected to long abstinence, it docs not differ from that of the venous 
system in general. The quantity of extractive is usually increased ; and 
in this part of the blood it must be, that sugar, dextrin, gelatin, and 
other soluble organic matters that are taken into the circulation, are con- 
tained. Some of these have in fact been detected in it.| The fibrin of 
the blood of the mesenteric veins appears to be less perfectly elaborated 
than that of the blood in general ; for the blood of the mesenteric veins 
coagulates less firmly (having been erroneously asserted by some not to 
coagulate at all) ; and its fibrin, when separated by stirring, shows a 
marked deficiency in tenacity, and liquefies completely in the course of a 
few hours. A part of the albuminous constituent of this blood does not 
present the characters of true albumen, for it is not precipitated by heat 
or by nitric acid, and the precipitate thrown-down by alcohol is redis- 
solved by water ; like albumen, however, it is precipitated by the 
metallic salts, creosote, and tannin. This substance, which has been dis- 
tinguished by M. Mialhe as alhmiiiwse, further differs from true albumen 
in the facility with which it traverses organic membranes ; for these resist 
the passage of albumen, while they are freely transuded by albuminose. 
And it is affirmed by M. Mialhe, that the want of that conversion of 
albuminose into albumen, which ought to take place as part of the assi- 
milating process, is one cause of the readiness with which albuminous 
matter transudes from the blood in albuminuria and in dropsies ; this 
albuminous matter frequently having rather the characters of albuminose, 
than those of true albumen. J 

174. That the Spleen ordinarily effects a marked change in the con- 

* See bia Memoir in the '‘Arch. G^n. de Med.,” 4® eerie, tom. xviii. p. 322 et seg.; 
and his edition of his father’s “E16mens d’Anatomie G6n6rale,” pp. 266, 266. 

t See the Researches of MM. Bouchardat and Sandras in the “ Supplement d, I’An- 
nuaire de Therapeutique,” 1846. 

t See the " Cours de Physiologie” of M. Paul Berard, tom. iii. p. 87. 
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stitution of the blood which passes through it, appears from the analyses 
made by Mr. Gray and M. B4clard,* of the blood drawn from the interior 
of the organ itself after its removal, the splenic vein having been pre- 
viously tied. The nature and amount of these changes, however, differ 
in a very marked degree, according to the stage of the digestive operation 
and the general condition of the nutritive ftmctions ; and it is to this cir- 
cumstance that we are probably to ascribe much of the diversity in the 
results obtained by previous experimenters. A marked decrease in the 
total amount of solid matter is generally observable ; the average of twelve 
experiments giving only 187*1 per 1000 of solid constituents in the splenic 
blood, whilst the arterial blood of the same animals contained 239 parts, 
and the jugular venous blood 201 parts. This decrease depends upon the 
diminished proportion of red corpuscles^ which seems always to present 
itself, except in starved or extremely ill-fed animals. On the other hand, 
the albumen usually exhibits a marked increase, which may even double 
its previous amount ; and this seems greatest at an interval of some hours 
after feeding. The fibrin seems to be almost con- 
stantly augmented, and this sometimes in a very 
remarkable degree; the quantity found in the 
splenic blood varying from 2*5 to 11*53 parts in 
1000, or from an amount a little above the usual 
standard, to nearly six times that average.'l' The 
blood of the Splenic vein is further remarkable for 
the large proportion of colourless corpuscles (appa- 
rently derived from the white portion of its 
parenchyma) which it includes. HirtJ counted 1 
colourless to 2179 coloured corpuscles in the 
Blood of the Splenic Artery, but 1 colourless to 60 
coloured in that of the Splenic Vein ; and the latter 
is also remarkable for containing a number of 
fibrinous flakes and of peculiar cells including rod-like crystals of reddish- 
yellow colouring matter (Fig, 42), which seem to be red corpuscles in a state 
of degeneration. 

175. Many comparative observations have been made upon the blood 
of the Vena Portcc and of the Hepatic vein ; but a large part of them, 
according to M. Cl. Bernard, are vitiated by the fact, that, unless the 
vena portae be tied, a reflux of blood takes place into it from the liver, 
so that the blood which flows when it is wounded, is not so much portal 
as hepatic blood. According to this experimenter, the blood of the 
hepatic vein is peculiar as containing an increased proportion not only 
of sugar but also of fat ; these substances being generated, during the 
passage of the blood through the liver, not only from amylaceous or other 
saccharine matters, but even from azotized compounds. The production 
of fat is to a certain degree vicarious with that of sugar ; and the former 

* “On the Structure and Uses of the Spleen,” 1854. 

+ It seems obvious that such an enormous diminution of the Red Corpuscles can only 
take place m blood which is partially or completely stagnated in the organ ; since, if the 
circulation through it were taking-place at the usual rate, all the blood in the body would 
be speedily subjected to the process, and its corpuscles would be (as it were) entirely 
melted down. — For a statement of Mr. Gray’s views, with critical observations thereon, 
see the “Brit, and For. Med.-Chir. Biev.,” Jan. 1855. 

t “Muller’s Archiv,” 1856. 
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is cliaracteristic of herbivorous, the latter of carnivorous animals. Ac- 
cording to Prof Lehmann, the blood of the hepatic vein differs from that 
of the portal in the following particulars “ It is far poorer in water ; so 
that, assuming the solid constituents of the blood to be equal in both 
kinds of blood, the quantity of water in the blood of the portal vein is to 
that in the blood of the hepatic vein as 4 3 during digestion and when 
not much drink has been taken, and sometimes as much as 12 5 after 
digestion has been fully accomplished The blood of the hepatic vein 
either does not coagulate at all, or the clot is bulky and readily breaks 
down Whilst 34 parts of serum are separated from 100 parts of portal 
blood, only 15 are separated from 100 parts of the blood of the hepatic 
vein The blood of the hepatic vein is far richer in blood-cells, both 
coloured and colourless, than that of the portal vein , the colourless cor- 
puscles occur in the most varied shapes and sizes , Hirt estimated that 
the proportion of the colourless to the red corpuscles was in the portal 
venous blood as 1 524, in the hepatic as 1 136 , the coloured are seen 
in heaps of a distinct violet colour, and their cell- walls are less readily 
destroyed by water than are those of the blood of most other vessels 
The cells in the blood of the hepatic veins are poorer in fat and in salts, 
and especially in hsematm, or at least iron, but somewhat richer in ex- 
tractive matters Their specific gravity is higher than that of the cells 
of the portal blood, notwithstanding the diminished quantity of iron 
The plasma of the blood of the hepatic veins is far denser than that of 
the blood of the portal vein, for it contains a much larger amount of solid 
constituents generally, although httle or no fibrin is to be found in it 
If we compare the solid constituents of the serum of both kinds of blood, 
we find less albumen and lat, and far less salts, in the blood of the hepatic 
vein, while the quantity of extractive matter, including sugar, is percep- 
tibly augmented It cannot bo doubted that when the secretion of 
urine is proceeding with rapidity, the blood of the Renal vein must con- 
tain a smaller proportion of water than that of the renal artery, and that 
the quantity of salines also must be diminished , since a separation of 
these ingredients takes place in the passage of the blood through the renal 
capillaries So far as regards the quantity of water, this d, 'priori conclu- 
sion has been confirmed by the analyses of Simon, who found 790 parts 
of water in 1000 of blood drawn from the renal artery, and only 778 in 
blood drawn from the renal vein of the same animal j* ** And PicardJ 
found in the renal arterial blood of two dogs 0 0365 and 0 04 per cent 
of Urea, whilst in the venous blood returning from the kidneys the pro- 
portion was 0 0186 and 0 02 per cent PoisseuiUe and Gobley,§ however, 
did not find the difference so well-marked or constant 

176 Alterations in the Composition of the Blood in Disease — Under 
this head it is intended here to consider, not the state of the Blood in 
every principal type of disease (which it is the duty of the Pathologist 
to investigate), but the most important facts which the study of its 
morbid conditions has afforded, towards the determination of the con- 

* “Physiological Chemistry” (Cavendish Society’s ed ), vol ii p 269, Lehmann, 

** Leipziger Benchte,” iii 131 , and “ Pharmaceut Central Blatt,” 1866, p. 433. 

t Simon’s “Animal Chemistry’ (Sydenham Society’s ed ), vol i p 214 

X Picard, “ Sur la Presence de 1 Uree dans le Sang,” Strasbourg, 1866 

§ “ Comptes Rendus,” 1869, p 164 
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ditions under which decided variations take place in the quantity or 
quality of its principal components, and of the effects which those varia- 
tions produce upon the system at large. Many analyses have been made 
by excellent observers;^ but in consequence of the variations in the 
mode of analysis pursued, the results can only be given in general terms* 
177. The first of these components whose variations we shall consider, 
is Fibrin; the estimate of which, however, is open to an important 
fallacy, that has not been sufficiently guarded-against, — namely, the 
admixture of the Colourless corpuscles. ‘‘These,” as Mr. Paget correctly 
remarks, “ cannot, by any mode of analysis yet invented, be separated 
from the fibrin of mammalian blood ; their composition is unknown, but 
their weight is always included in the estimate of the fibrin. In health, 
they may, perhaps, add too little to its weight to merit consideration ; 
but in many diseases, especially in inflammatory and other blood-diseases 
in which the fibrin is said to be increased, these corpuscles become so 
numerous that a large proportion of the supposed increase of the fibrin 
must be due to their being weighed with it. On this account, all the 
statements respecting the increase of fibrin in certain diseases need re- 
vision.”! — In the results of the analyses now to be stated, it must be 
borne in mind that the term ‘fibrin’ really designates the ‘colomrless 
coagulum’ of spontaneous formation, whatever may be its composition. 
The following may be considered as the normal range of variation for the 
principal constituents of the blood in health, according to the mode of 
estimating them pursued by MM. Andral and Gavarret : — 


Fibrin . . . . 

, from 

2 

to 

34 parts per 1000. 

Red Corpuscles . 

it 

110 

ti 

152 „ 

Solids of Serum . 

it 

72 

it 

88 „ 

Water . . . . 

it 

760 

it 

816 „ „ 


178. The most important fact substantiated by Andral, is one that had 
been previously suspected, — the invariable increase in the quantity of 
Fibrin during acute Inflammatory affections ; the increase being strictly 
proportional to the intensity of the inflammation, and to the degree of 
symptomatic fever accompanying it. “ The augmentation of the quan- 
tity of Fibrin is so certain a sign of Inflammation, that, if we find more 
than 5 parts of fibrin in 1000, in the course of any disease, we may 
positively affirm that some local inflammation exists.” The average 
proportion of Fibrin in Inflammation may be estimated at 7 ; the minimum 
at 5; the maximum at 13*3. The greatest augmentation is seen in 
Pneumonia and Acute Kheumatism. An increase is also commonly 
observable during the advanced stage of Phthisis, in spite of the deteriora- 
tion which the blood must then have undergone, and this is probably 
dependent upon the development of local inflammation around the tuber- 
cular deposits. In Continued and Typhoid Fevers, whilst the proportion 
of Corpuscles is commonly increased, there is a decrease in the proportion 
of Fibrin, especially in the early stage ; though the usual augmentation 
will take place if any local inflammation occurs. It appears from the 
experiments of Magendie, that one of the effects of a diminution in the 
proportion of Fibrin is a tendency to the occurrence of Haemorrhage or 

* See Andral and Gavarret, “Essai d’Hfiematologie Patholo^qne ;** Becquerel and 
Rodier, Recherches sur la Composition du Sang,” &c. 

t Kirkes and Paget’s ‘‘Handbook of Physiology,” p. 57. 
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of Congestion, either in the parenchymatous tissue or on the eurface of 
membranes ; and these conditions are well known to constitute common 
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in Scurvy ; but this, from the analyses of MM. Becquerel and Eodier, 
Chatin and Bouvier,* and Mr. G. Busk,f appears not to be the case, the 
proportion of fibrin being rather above than below the normal average, 
in Cholera, however, a reduction in the coagulable element of the blood 
seems to be an almost constant occurrence ; and in some instances, the 
blood, although loaded with solid matter, has scarcely coagulated at all. 
Of the blood drawn during life, it has been observed that the clot is 
loose and grumous, often not shrinking and expelling serum ; and that 
this change presents itself in a degree corresponding to the severity and 
advanced stage of the disease. And when the blood has been removed 
from the body after death, the clots have been found loose and fragile in 
texture, sometimes almost semi-fiuid.J The increase in the fibrinous 
constituents of the blood in Inflammation, as long ago maintained in 
previous editions of this work, is not deiiendent upon the febrile condition 
that IS secondary to the local inflammation, but upon tlie Inflammation 
Itself : Virchow, § from careful observations, has been led to express similar 
views on this subject, remarking that the fibrin is not primarily deve- 
loped in the blood, but is a purely local production, being originally 
ormed in the tissues of the inflamed part externally to the vessels, and 
to tffp taken up by the Lym]>h-tubes, and by them conveyed 

to the blood The so-caUed “ exudation” which is supposed to form the 
greater part of the swelling m Inflammation, and which is usually regarded 
as an effusion Irom tlie congested vessels of the part, is in hi opinion 
merely the surplus fibrin, formed in loco, for the removal of which the 
lymphatic circulation is not sufficiently active. 

179. The amoimt of Red Corpuscles seems to he subject to irrcater 
ordinary health, than is thatif fibrm In 

ment, or J Ictliora, it is chiefly the entire mass of the blood that 
goes an increase; but whatever excess there may be in the proportion of 
ite solid constituents, this affects the Corpuscles rather tha^ tKbrif 
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brain, and to apoplexy or other hiemorrhage. The effect of h/pi;„ • 
diminishing this tendency is now intellig-ible • sin pa wo i m 

of blood reduces the proportion of corr.Ss-On the P 

that temperamentll which, when exaggiratod becomefA ^>and, in 
a marked diminution of the Corpusclff and ’this Z « 

on the one hand to Chlorosis, in which Ae Bed CorpuKre ‘dSlhed 
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whilst the Fibrin remains the same, a condition of the system which is 
singularly improved by the remedial employment of Iron and, on the 
other, to Scrofula, in which a diminution of Corpuscles coexists with a 
deficiency in the amount or in the degree of elaboration of the Fibrin, 
A similar deficiency in the proportion of Ked Corpuscles has been ob- 
served by Andral in other cachectic states induced by disease, as in 
Diabetes MeUitus, Aneurismal dilatation of the Heart producing Dropsy, 
and in Cachexia Saturnina. It occurs also in Scurvy, and in the advanced 
stages of Albuminuria ; and Dr. Williamsf has observed a similar total 
destruction of the blood-discs in a case of malignant scarlatina with 
purpura ; and has met with indications of a partial destruction of them 
in acute purpura connected with jaundice, and in cases of functional 
derangement of the liver. 

180. A marked increase in the proportion of the Colourless Corpuscles 
has been frequently observed in the blood of Inflammatory subjects ; this 
increase is not, however, so characteristic of the Inflammatory state as 
some have supposed ; for it is by no means constant in that condition, 
and is frequently seen in very different states of the system. — Atten- 
tion has recently been drawn by Prof. J. II. Bennett J to a condition of 
the Blood, which is especially characterized by a marked excess of these 
bodies, and which he has designated by the term Leucocythoemia (white- 
cell-blood). This condition has been detected in the blood of a con- 
siderable number of individuals suffering under diseases (most commonly 
enlargement) of the Spleen, Liver, and Lymphatic glands, either separately 
or in conjunction; but it has not yet been determined how far it is con- 
stantly associated with any of these abnormal conditions. In all cases in 
which such blood has been analyzed, its specific gravity has been found 
very low, and the total amount of corpuscles small ; but the fibrin is 
almost invariably above the average, having in one instance risen to 7*08. 

181. The quantity of Albumen in the blood seems to vary less than 
that of most of its other constituents. The proportion which it bears to 

* The records of Medicine scarcely furnish a more notable example of the pernicious 
influence of theories founded upon a shallow Empiricism, and of the superiority of a 
Rational practice based on a knowledge of the real facts of the case, than is afforded by 
the contrast between the former and the present treatment of Chlorosis, Whilst the 
notion prevailed that the ‘huffy coat’ is a sign of Inflammation, and that the most potent 
remedy for Inflammation is loss of blood, patients already reduced to a state of ansemia, 
who complained of pain in the left hypochondrium, palpitations, &c., were bled over and 
over again, every withdrawal of blood of course seriously increasing the mischief, by pro- 
ducing a further reduction in the proportion of red corpuscles (§166). The Author well 
remembers that, when a pupil in the Bristol Infirmary in the years 1833-4, he was 
repeatedly directed by the estimable Senior Physician (long since dead) to draw eight, 
ten, or twelve ounces of blood from patients in this condition ; and that the crassementum, 
after coagulation, often resembled a small island floating in an ocean of serum. Yet, 
because this minute clot exhibited the buffy coat, the bleeding was considered to be 
‘ orthodox’ practice, and the obstinacy of the symptoms was attributed to the severity 
of the disease. If M. Andral had made no other contribution to Medical Science than 
the demonstration of the real nature of this condition of the blood, and of the influence of 
further depletion in promoting it, he would have rendered a most essential service to the 
multitudes of females who are unfortunate enough to suffer from this kind of deteriora- 
tion of their vital fluid. 

+ “Principles of Medicine,” 2nd edit. p. 115. 

t See his successive Papers in the “ Edinb. Monthly Journal” for 1851, his Treatise 
“ On Leucocythaemia,” and his Clin. Lectures “ On the Principles and Practice of Med.,” 
3rd edit., 1859, p. 857 et seq. 
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the water of the serum, is of course elevated by anything which diminishes 
the latter ; and thus we find it high in cholera after profuse discharges of 
fluid from the intestinal canal, and in other cases in which there has been 
an imusual drain upon the liquid part of the blood, provided that the 
albumen do not pass off with it, as sometimes happens. Where some 
special cause is in operation, which favours the escape of the albumen 
from the circulating current (as happens in various forms of Albuminuria, 
but especially in the advanced stage of ‘ Bright’s disease’), the amount of 
albumen in the serum is reduced below the normal standard. Thus Dr. 
Christison found the entire solids of the serum to be reduced in some 
instances to 55 or even 52 parts in 1000, his estimate of their normal 
amount being 83*4 ; and he found the specific gravity of the serum to fall 
as low as 1020 or even 1019, the normal standard being from 1027 to 
1031. According to Andral, the diminution in the amount of Albumen 
in the Serum is exactly proportional to the quantity contained in the 
Urine.* — The proportion of fatty matter in the serum, and especially of 
the cholesterin, has been found by MM. Becquerel and Eodier to undergo 
an increase at the commencement of most acute diseases ; and they have 
also observed an increase of fat, and especially of cholesterin, in chronic 
diseases of the liver, in Bright’s disease of the kidney, and in tuberculosis. 
The quantity of fat in the blood sometimes undergoes such an augmenta- 
tion, as to give to the serum a constant ‘milldness.’ This has been 
observed by Marcet in a case of diabetes, by Traill in hepatitis, by 
Christison in dropsy, icterus, and nephritis, by Zanarelli in pneumonia, 
and by Sion in mammary abscess. In Dr. Sion’s case, the blood itself 
was quite milky ; it underwent no coagulation ; and only a very small 
quantity of colouring matter was deposited, when it was allowed to stand. 
This blood was found by Lecanu to contain 20G parts of solid constituents 
in 1000; but of these no less than 117 parts were fat, the remainder con- 
sisting of albumen (64 parts), and of extractive and salines (25 parts). 
No fibrin could be found, and the quantity of haematoglobulin was 

* A case is related by Andral, under this head, which affords an interesting exempli- 
fication of the general facts that have been attained by his investigations. A woman 
who had been suffering from Erysipelas of the face, and had lost blood both by venesec- 
tion and by leeches, became the subject of Albuminuria. The blood drawn at this time 
exhibited a considerable diminution in the proportion of Corpuscles, as well as of Albu- 
men, — a fact which the previous loss of blood fully accounted for. After a short 
period, during which she had been allowed a fuller diet, another experimental bleeding 
exhibited an increase in the proportion of Corpuscles. Some time afterwards, when the 
Albumen had disappeared from the Urine, some more blood was drawn ; and it was then 
observed that the Albumen of the Serum had returned to its due proportion, but that 
the Corpuscles had again diminished, whilst there was a marked increase in the quantity 
of Fibrin. This alteration was fully accounted-for by the fact, that, in the interval, 
several Lymphatic ganglia in the neck had been inflamed and had suppurated ; and that 
the patient had been again placed on very low diet. “ Thus,” observes Andral, we 
were enabled to give a complete explanation of the remarkable oscillations which were 
presented in the proportion of the different elements of the blood drawn at three different 
times from the same individual; and thus it is that, the more extended are our inquiries, 
the more easy does it become to refer to general principles the causes ofall those changes 
in the composition of the blood, which, from the frequency and rapidity with which they 
occur, seem at first sight to baffle all rules, and to take place, as it were, at random. 
In the midst of this apparent disorder, there is but the fulfilment of laws; and in 
order to obtain these, it is only necessary to strip the phenomena of their complications, 
and reduce them to their simplest form.” 
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inappreciable.* Such a fluid must be considered rather as chyle than as 
blood; and, in tlie entire absence of coagulating power, corresponds 
rather with chyle when first absorbed, than with that which is usually 
transmitted by the thoracic duct (§ 124). — ^Little is known with certainty 
regarding the variations of the alkaline salts in the blood in different dis- 
eases. The analyses which have been made, however, are considered by 
Prof. Lehmann f to indicate that in very severe inflammations they are 
greatly diminished ; whilst they are much increased in the acute 
exanthemata and in typhus, in dysentery, Bright’s disease, and all forms 
of dropsy and hydroemia ; and are often doubled in quantity in diseases 
depending upon malarious influences, such as endemic dysentery, malig- 
nant forms of intermittent fever, &c. Although a large quantity of saline 
matter usually passes-off from the blood in Cholera, yet the proportion of 
water discharged is so much greater, that, as appears from the analyses of 
Dr. Garrod, the percentage of salines in the blood is rather increased 
than diminished.^ The proportion of Water in the blood will of course 
vary reciprocally with that of the solid constituents ; and will be especially 
augmented when there is a marked diminution in the amount of red 
corpuscles. 

182. That the Blood is subject to a great variety of other morbid 
alterations, which are sometimes the causes, and sometimes the results, 
of Disease, cannot be for a moment doubted. But our knowledge of the 
nature of these changes is as yet very insufficient. The great amount of 
attention which is being directed by Chemists and Pathologists to the sub- 
ject, however, will doubtless ere long produce some important results. — 
Among the most frequent causes of depravation in the character of this 
liuid, we must undoubtedly rank the retention, in the Circulating current, 
of matters which ought to be removed by the Excretory processes. We 
shall hereafter see, that a total interruption to the excretion of Carbonic 
Acid by the lungs will occasion death in the course of a very few minutes ; 
and even when only a slight impediment is offered to it, so that 
the quantity of carbonic acid always contained in arterial blood is aug- 
mented to but a small degree, a feeling of discomfort and oppression, 
increasing with the duration of the interruption, is speedily produced. The 
results of the retention of the materials of the Biliary and Urinary excre- 
tions will be hereafter considered (chap, ix.) ; and at present it will be 
only remarked, that such retention is a most fertile source of slight dis- 
orders of the system, that it is largely concerned in producing many severe 
diseases, and that, if complete, it will most certainly and rapidly bring 
about a fatal result. 

3. Of the Vital Properties of the Bloody and its Relations to the Living 

Organism. 

183. It cannot be doubted that the perfect and regular performance of 
the various actions to which the Blood is subservient, is dependent upon 
the admixture of its principal components in their due proportions, and 
upon its freedom from deleterious matters, whether formed within the 

* This remarkable case is cited in Simon’s ** Animal Chemistry,” vol. i. p. 333, from 
the “Lancette Fran^aise,” 1836, No. 49. 

t “Physiological Chemistry” (Cavendish Society’s ed.), voL ii. p. 262. 

X “London Journal of Medicine,” May, 1849. 
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system, or introduced into the circulating current from without. And it 
is not difficult to see how any considerable alteration which affects its 
physical conditions merely, may thereby produce a most serious disturb- 
ance in the regularity of the circulation, and in the fimctions to which it 
ministers. Thus it has been shown by the experiments of Poisseuille,* 
that a certain degree of viscidity is favourable to the motion of liquids 
through capillary tubes ; a thin solution of sugar or gum being found to 
traverse them more readily than pure water will do. Hence any serious 
alteration in the proportion of the organic and saline compounds dissolved 
in the liquor sanguinis, and especially in that of the Fibrin (on which 
the viscidity of the blood appears chiefly to depend), might be expected 
to produce obstruction in the capillary circulation, and to favour trans- 
udation of the fluid portion of the blood ; and the numerous experiments 
of Magendie (Op. cit.) seem to favour this view, although they are far 
from manifesting that character for accuracy and discrimination, which 
would be required to afford an authoritative sanction to it. A much more 
determinate influence, however, must be exerted upon the Red Corpuscles, 
by any cause which seriously affects the specific gravity of the liquor san- 
guinis (§ 145) ; and the perfect elaboration of the Albuminous constituent 
of the serum has been shown to be requisite, to prevent it from copiously 
transuding the membranous walls of the vessels which it traverses (§ 173). 
— These and other physical and chemical relations of the Blood, however, 
are quite subordinate to its Vital reactions ; and it is into them that we 
have now to inquire. 

184. There are only two constituents of the circulating Blood, which 
can be considered as being themselves endowed with vital properties ; 
those are, the Fibrin and the Corpuscles. The remainder of its compo- 
nents can scarcely be looked-upon in any other light than as chemical 
compoimds, which are to be rendered subservient to the nutritive and 
other operations of the living tissues in virtue of their vitality, or which 
have already discharged their duty in the system. Before proceeding, 
however, to inquire into the nature of the relation of these substances to the 
*• Life of the Blood,’ our attention may be advantageously directed to that 
remarkable change in the state of the blood when withdrawn from the ves- 
sels of the living body, which is commonly known as its ‘ coagulation.’ This 
term, however, as apjdied to the blood oi masse^ is quite inappropriate ; 
since, as we shall presently see, the coagulation essentially consists in the 
passage of the fibrin alone from the soluble to the solidified state ; and this 
component scarcely forms more than one hundredth part of the whole 
solid matter of the circulating fluid. All the phenomena attendant upon 
this process, and the conditions by which it is influenced, have been made 
the subject of very careful study, both by Chemists and Physiologists; but 
it must be admitted that they throw very little light upon the vital rela- 
tions of the Blood to the Organism at large ; these being only sustained 
whilst it is circulating in a fluid state, and being interfered- with by any- 
thing that favours its passage into the form which it assumes when 
withdrawn from the body. 

185. The Coagulation of the Bloody then, consists in the new arrange- 

* See M. Magendie’s “ Le 90 iis sur les Phenomdnes Physiques de la Vie, ” tom. iv. 
p. 57. 
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ment of its constituents, which takes place when it is drawn from the 
vessels and is left to itself, or when the body itself dies (§ 144). This 
new arrangement essentially depends upon the passage of the Fibrin from 
the soluble to the insoluble state, in which it forms, not an amorphous 
coagulum, but a network of fibres more or less definitely marked-out; 
in the meshes of which network are included the Eed corpuscles, usually 
grouped-together in columnar masses resembling piles of money. The 
Crassamentum or Clot thus formed, gradually acquires a degree of firm- 
ness proportioned to the amount of Fibrin which it contains, and to the 
degree of its elaboration ; and it undergoes a progressive contraction, by 
which the Albuminous, Saline, and Extractive matters, still dissolved in 
the water, are more or less completely expelled from it, constituting the 
Serum. This separation will not occur, however, if the coagulation 
take place in a shallow vessel ; nor if the amount of Fibrin should be 
srnaU, or its vitality low. A homogeneous mass, deficient in firmness, 
presents itself under such circumstances ; though the solid part of this 
may pass into a state of more complete condensation after the lapse of a 
certain time. — That the coagulation is due to the Fibrin, and that the 
Corpuscles do not take any active share in the process, appears from 
several considerations.* A microscopical examination of the Clot shows, 
that it has the same texture with Fibrin when coagulating by itself ; the 
Corpuscles clustering-together in the interspaces of the network, and not 
being uniformly diffused through the whole mass. Their specific gravity 
being greater than that of the Fibrin, they are usually most abundant 
at the lower part of the clot ; and the upper surface is sometimes nearly 
colourless, especially when the coagulation has taken place slowly ; yet 
this upper part is much firmer than the lower, showing that the Fibrin 
alone is the consolidating agent. If, after the complete subsidence of the 
Corpuscles, a httle of the colourless Liquor Sanguinis be skimmed-off, it 
will undergo complete coagulation, forming a colourless clot ; as was long 
ago shown by llewson. A curious observation has been made by Ber- 
nard, showing that, even during life, the Blood-cells have a natural 
tendency to gravitate to the lowest part of the fluid. Thus in a Horse, 
laid on the ground in such a position that its long jugular vein was nearly 
horizontal, a small opening made in the upper surface allowed the escape 
only of yellowish serous fluid without red corpuscles, whilst from a 
similar small opening made at the lowest surface of the vein some very 
black blood issued. Both portions coagulated ; the first, of course, giving 
a colourless clot ; the second, as usual, a dark clot, with a well-marked 
buffy coat.f The same fact may be experimentally demonstrated, by 
the use of methods which effect an artificial separation of the Fibrin from 
the Corpuscles. Thus Muller placed the blood of a Frog, diluted with 
water (or still better, with a very thin syrup), on a paper filter, when the 
Liquor Sanguinis, having passed through completely unmixed with the 

* It is remarkable that this doctrine, clearly established by the older Physiologists, 
and especially by Hewson, should ever have been put aside, even temporarily, for the 
untenable hypothesis that the coagulation of the blood is due to a running-together of its 
red corpuscles. — For an admirable summary of the history of opinion on this subject, 
see Mr. Gulliver’s Introduction to his Edition of Hewson’s works (published by the 
Sydenham Society). 

f Bernard, ‘‘Le 5 ons,” 1859, p. 432. 
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corpuscles, presented a distinct coagulum; although, from the diluted 
state of the fluid, this did not possess much consistency. Owing to the 
more minute size of the Blood-discs of warm-blooded animals, this 
experiment cannot be so readily performed with their blood. So, again, 
if fresh-drawn blood be continually stirred with a stick, the Fibrin will 
adhere to it in strings during its coagulation ; and the Bed corpuscles will 
be left suspended in the serum, without the slightest tendency to coagu- 
late. Moreover, if a solution of any salt that has the property of retard- 
ing the coagulation (such as carbonate of potash or sulphate of soda), be 
added to the blood, the Corpuscles will have time to sink to the lower 
stratum of the fluid before the clot is formed ; the greater part of the 
crassamentum is then entirely colourless, and is found by the microscope 
to contain few or no red particles. It will be presently shown, however, 
that the difference of specific gravity is by no means the only cause of the 
separation of the Corpuscles from the Liquor Sanguinis. 

186. That the Coagulation of the Blood is not, as some have supposed, 
a proof of its death, but is rather an act of vitality, appears evident from 
the incipient organization which may be detected even in an ordinary 
clot; and still more from the fact, that, if the effusion of Fibrin take 
place upon a living surface, its conversion into a fibrous solid is the first 
act in the production of solid tissues, which become constituents of the 
living fabric ; for it seems absurd to maintain that the Blood dies, in 
order to assume a higher form. That the Blood may itself become 
organized, like plastic exudations of ‘‘coagulable lymph,” (a doctrine 
which, though maintained by Hunter, has been subsequently denied,) 
seems to have been conclusively proved by the researches of Dr. Zwicky,* 
on the changes occurring in the clots of blood which form in blood-vessels, 
above the points where they have been tied : for he has traced the suc- 
cessive stages of tlie metamorphosis of the coagulum into connective 
tissue, and the formation of vessels in its substance ; the whole process 
taking place exactly as in an inflammatory exudation, and the blood- 
corpuscles exerting no other influence upon it than that of slightly 
retarding it. Similar observations have been also made by Mr. Paget, j — 
But further, the fibrillation takes place far more perfectly when the 
fibrinous fluid is effused on a living surface, than when it is spread-out 
over dead matter ; and thus it liappens that fibrinous effusions are much 
more completely converted into fibrous tissue within the living body, and 
in immediate contact with living tissue, than they ever are when removed 
from it. A marked difference may be observed in this respect between 
the superficial and the central portions of a blood-clot which has been 
effused in the substance of the living solids ; for it is always in the former 
that the organizing process is most advanced, a firm and distinct fibrous 
membrane being often found on the exterior of sucji clots, whilst their 
interior is soft and amorphous. J Generally speaking, the fibrillation is 
more perfect, the more slowly it takes place ; and the higher the previous 

** Die Metamorphose des Thrombus,” Zurich, 1846. 

‘t’ See bis ‘ Lectures on the Processes of Repair and Reproduction,’ in the “Medical 
Gazette” for 1849, vol. iliii, p. 1066; and bis “Surgical Pathology,” vol. i, pp. 173 
—180. 

X See Dr. G. Burrows, in “ Medical Gazette,” 1835 ; and Mr. Prescott Hewett, in 
“ Medico-Ohirurg. Trans.,” vol. xxviii. 
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vitalization of the fibrin, the longer is it before it changes its state. 
Thus the coagulation of sthenic inflammatory blood, which produces a 
clot of remarkable firmness, is much longer in taking-place than the 
coagulation of ordinary blood ; whilst the coagulation of the blood of 
cachectic subjects, which takes place very rapidly, is feeble and imperfect. 
The plastic effusions poured-out from the blood in these two opposite 
conditions, partake of the character of the blood itself; those of the 
inflammatory blood of a previously healthy subject being converted into 
fibrous membranes of considerable firmness, which are subsequently 
penetrated by blood-vessels, and become regularly-organized tissues; 
whilst those proceeding from the blood of cachectic subjects frequently 
undergo a certain degree of organization with great rapidity, but do not 
go- on to the same perfection, and speedily degenerate.* * * § 

187. Instances occasionally present themselves, in which the Blood 
does not coagulate after death, or coagulates very imperfectly. It was 
affirmed by Hunterf that no coagulation occurs in the blood of animals 
hunted to death, or of those killed by lightning, by electric shocks, or by 
blows upon the epigastrium ; and this statement has been generally 
received upon his authority. It is far, however, from being constantly 
true ; for Mr. Gulliver has collected numerous cases in which coagulation 
was found to have taken place in the blood of animals killed in each of 
these modes ; in some of them, however, the coagulation was very im- 
perfect. J It is not improbable that some of the instances of apparent 
absence of coagulation were really cases of retarded coagulation (§ 188) ; 
and Dr. Polli goes so far as to maintain, that the complete absence of 
coagulating power is a phenomenon which has no real existence. He 
states that he has never met with an instance, in which the blood, when 
left to itself, and duly protected from exteriial destructive inffuences, did 
not coagulate before becoming putrid ; and that he has more than once 
found blood to coagulate, which had been taken in a fluid state from the 
vessels thirty-six or forty-eight hours after death. § Still there seems no 
reasonable doubt that non-coagulation may occur, when the blood has 
been previously subjected to conditions which affect the vitality of its 
fibrin. Such appears to be the case, for example, when death occurs from 
Asphyxia, as by hanging, drowning, or breathing of irrespirable gases ; || 
and the same has been observed in cases of poisoning by hydrocyanic 
acid, in which asphyxia was probably the immediate cause of death. In 
certain diseased states, again, we have seen that the coagulating power 
seems to be completely deficient (§ 178). 

188. The rapidity of Coagulation, and the degree in which the clot 
solidifies, vary considerably ; in general, they are in the inverse propor- 
tion to each other. Thus, if a large quantity of blood be withdrawn 

* See especially Mr. Dalrymple’s Memoirs ‘On the rapid organization of Lymph in 
Cachexia,’ in the “Med.-Cbir, Trans.,” vol. xxiii. ; and ‘On the early organization of 
Coagula and mixed fibrinous effusions under certain conditions of the system,* Op. cit. 
vol. xxvii. 

+ “The Works of John Hunter,” edited by James F. Palmer, voL iii. dd. 
34, 114. * 

t See “Edinb. Med. andSurg. Joum.,” Oct. 1848, pp. 867, 418 ; and his Edition of 
“Hewson’s Works,” pp. 20, 21. 

§ “Annali Universali,” 1846 ; and “Ranking’s Abstract,” voL ii. p. 837, 

11 See Dr. J. Davy’s “Physiological and Anatomical Researches,” vol, ii. p. 192. 
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from the vessels of an animal at the same time, or within short intervals, 
the portions that last flow coagulate much more rapidly, but much less 
firmly, than those first obtained. In blood drawn during Inflammatory 
states, again, the coagulation is usually slow, but the clot is pretematurally 
firm; especially at its upper part, where the Bufiy coat (§ 193) or 
colourless stratum of fibrin gradually contracts, and produces the ‘ cup,’ 
which may be generally considered to indicate a high degree of Inflam- 
mation. Although the Blood withdrawn from the body coagulates 
(except under the peculiar circumstances just stated), whether it be kept 
at rest or in motion, whether its temperature be high or low, and whether 
it be excluded from the air, or bo admitted to free contact with the 
atmosphere, yet its coagulation may be accelerated or retarded by 
variation in these conditions. — ^If the blood be continually agitated in a 
bottle, its coagulation is delayed, though it will at last take place in shreds 
or insulated portions ; but that rest is not the cause of its coagulation 
(as some have supposed), is proved by the fact that, if a portion of blood 
be included between two ligatures in a living vessel, it will remain fluid 
for a considerable time;* as it also will when effused into the midst of 
living tissues, or kept in a state of stagnation in parts affected with 
inflammation. Thus Mr. Gulliver, besides other instances, mentions a 
remarkable case witnessed by himself, in which a collection of blood 
which had been effused in consequence of a bruise on the loins, was 
found uncoagulated when let-out twenty-eight days afterwards; it 
measured five ounces, was as liquid as blood just drawn from a vein, and 
showed the normal characters when examined microscopically ; and it 
coagulated in a cup in loss than thirty minutes. f And Mr. Paget mentions 
that he has known the blood remain fluid in the vessels of an inflamed part, 
though in a state of complete stagnation, for as long as three days.^! — Again, 
the coagulation is accelerated by moderate warmth, the natural heat of the 
body from which the blood is taken appearing to be most favourable to 
it; but the coagulating power appears to be destroyed by a temperature of 
about 150®, blood heated to that point remaining j)ermanently fluid. § On 
the other hand, the coagulation is retarded by cold ; but the coagulating 
power is not destroyed even by extreme cold ; for if blood be frozen 
immediately that it is drawn, it will coagulate on being thawed. — More- 
over it is accelerated by exposure to air, but it is not prevented by com- 
plete exclusion from it, as is proved by its taking place in a vacuum, or 
in a shut sac within the dead body : complete exclusion from the air, 
however, retards the change ; as may be easily shown by causing blood 
to flow into a vessel containing oil, which will form an impervious coat- 
ing on its surface, and will occasion the coagulation to take place so 
slowly, that the red particles have time to subside, and the upper stratum 

^ * ^The testimony of all experimenters is in accordance on this point, although they 
differ as to the length of time that elapses before coagulation commences. Mr. Gulliver 
states that out of many trials made by him, the coagulation commenced within two 
hours in only a few instances ; more commonly, three, four, or five hours elapsed before 
any clot was formed ; and in one instance, the coagulation was incomplete at the end 
of twenty -four hours. In all these experiments, the blood coagulated in the course of a 
few minutes, when withdrawn from the living vessel. — See Mr. Gulliver’s edition of 
“Hewson’s Works,” p. 23. 

f Op. cit. p. 17. J “Lectures on Surgical Pathology,” vol. i. p. 310. 

§ Gulliver, Op. cit. pp. 4, 6. 
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of the clot is colourless.* * * § — ^The effect of the addition of strong solutions 
of neutral salts to fresh blood, is usually to retard, and sometimes even 
to prevent, its coagulation ; and the same effect is produced by many 
vegetable substances, particularly those of the narcotic and sedative class, 
such as opium, belladonna, aconite, hyoscyamus, digitalis, and tea or 
coffee in strong infusion.*]' The action of most of those substances, how^ 
ever, which preserve the fluidity of the blood, only continues during such 
time as their solutions retain a certain strength ; for if they be diluted, 
coagulation will then take place, although in most cases less perfectly 
than it would have done at first. There appears to be no limit to the 
time during which the coagulation may be thus postponed ; thus Mr. 
GulliverJ mentions that he has kept horse’s blood fluid with nitre for 
fifty-seven weeks, and that it still readily coagulated when diluted with 
water. § — It is not so difficult, therefore, as it might otherwise seem, to give 
credit to the statement of Dr. Polli, that, in a case witnessed by himself, 
complete coagulation of the blood did not take place until fijfteen days 
after it had been withdrawn from the body ; and that fifteen days more 
elapsed, before putrefaction commenced in it. The upper four-fifths of 
the clot were colourless, the red corpuscles occupying only the lowest 
fifth. It is additionally remarkable, that the patient (who was suffering 
under acute pneumonia) being bled very frequently during the succeed- 
ing week, the blood gradually lost its indisposition to coagulate. |[ 

189. Neither heat nor Carbonic Acid appear to be evolved, as was 
formerly supposed, during Coagulation; but a small quantity of Ammonia 
is undoubtedly liberated, and upon this fact Dr. Kichardson^ has founded 
his theory of the cause of the Coagulation of the Blood. By numerous 
and carefully-conducted experiments he has shown that all those circum- 
stances which favour the escape of the volatile alkali, as moderate heat, 
free exposure to air, and removal of the atmospheric pressure, favour 
also the coagulation of the Blood ; whilst such conditions as retard or 
prevent the escape of the ammonia, such as cold, increase of atmo- 
spheric pressure, retention within the vessels, retard the process. He has 
shown also that ammonia rapidly escapes in the Halitus of the Blood ; and 
that if the halitus of one portion of blood, or of air containing a small 

* Dr. Babington in ^‘Medico-Chirurgical Transactions,” vol. xvi. 

+ See Dr. J. Davy’s Anatomical and Physiological Researches,” vol. ii. pp. 101, 102 ; 
and Mr. Prater’s “Experimental Inquiries in Chemical Physiology,” pp. 59, 63, &c. A 
copious table of the results of their experiments is given in Mr, Ancell’s ‘ Lectures on the 
Physiology and Pathology of the Blood,’ in the “Lancet” for Dec. 21, 1839. 

t Mr. Gulliver considers this fact, together with the occurrence of coagulation on the 
thawing of blood which has been frozen whilst yet fluid, as conclusive against the vital 
character of the act ; remarking that if we believe the coagulation to be an effect of life, 
we must admit that we can freeze and pickle the life (Op. cit. p. 21). No such admission, 
however, is necessary. We do not freeze and pickle the life ; but we simply preserve 
the vital properties of the substance, by preventing it from undergoing spontaneous 
change ; thus doing the same for the blood, as may be done for seeds, eggs, and even 
highly-organized bodies, which may be kept in a state of ‘dormant vitality’ for unlimited 
periods, by cooling or drying them, or by secluding them from the atmosphere. (See 
“Princ. of Gen. Physiol.”) 

§ Op. cit. p. 12. 

II “Gazzetta Medica di Milano,” Genn. 20, 1844 ; cited in Mr. Paget’s ‘Report’ in 
“Brit, and For. Med. Rev.,” vol. xix. p. 262. 

If See the “Cause of the Coagulation of the Blood,” by B. W. Richardson, being the 
Astley-Cooper Prize for 1866. Lond. 1868. 
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percentage of ammonia be transmifted fcrough freshly-drawn blood, the 
latter will remain fluid for a consideralJ^period; and further, that even when 
coagulation has occurred, the transmission of air* containing ammonia will 
effect its reconversion into the fluid state. From these and other consi- 
derations Dr. Eichardson draws the conclusion, that the cause of the 
coagulation of the blood is the escape of volatile alkali from the blood, 
which had previously maintained the fibrin in a fluid state. Notwith- 
standing the care with which Dr. Kichardson’s experiments were made, 
various objections have been adduced against them : thus Lister* has 
noticed that whilst the blood in the larger arteries and veins is usually 
found coagulated, it remains fluid for days in the smaller vessels, although 
they are placed under circumstances apparently more favourable for the 
escape of the volatile alkali ; and again, that if a vessel be injured, 
either in an amputated limb or in the living body, the blood will coagu- 
late sooner in the injured part, although there is no greater opportunity 
for the escape of ammonia in the one case than in the other. Lister 
also painted the vessels of a recently-killed animal with ammonia, and 
found that coagulation still occurred. Brncke,t again, drew some blood 
from an animal, and exposed, it for 15 min. to the air at 32° F. ; then 
introduced it, while yet fluid, into the fresh heart of the animal, in which 
it remained fluid for 5^ hours, though all the ammonia originally present 
had probably escaped. Zimmermann has further stated that blood 
which has been kept in the fluid state by the addition of ammonia '^ill 
after some time coagulate, though kept in air-tight vessels ; whilst Colin 
found that coagulation was not retarded, but accelerated, by subjecting 
the blood to increased pressure, the effect of which would be to prevent 
the escape of the ammonia. Some other objections have been raised by 
Dr. Davy, Lister and Colin ; but the most important one seems to bo the 
productiorf of a coagulum upon the addition of a little blood in such transu- 
dations as those of Hydrocele and of Blisters, where the coagulation appears 
to be wholly independent of the presence or absence of ammonia ; and 
Dr. Eichardson’ s view can therefore scarcely be accepted as offering a 
full explanation of this remarkable process. J 

190. The vital condition of the walls of the blood-vessels appears to 
have an important influence upon the fluidity of the Blood. Thus it has 
been found by Sir A. Cooper and Mr. Thackrah, that whilst blood en- 
closed in a living vein retained its fluidity for some time (§ 188), blood 
similarly enclosed in a dead vein, the atmosphere being completely 
excluded, coagulated in a quarter of an hour. Moreover, inflamma- 
tion of the walls of the blood-vessels (which is a condition of depressed 
vitality, chap, vni.) promotes the coagulation of the blood which they 
contain; and thus it is, that the trunks both of arteries and veins 
frequently become choked-up by coagula. And, altl^gh there can 
be no doubt that a large proportion of the loose fibrinous masses found in 
the heart and large vessels after death, are the result of post-mortem 
coagulation, yet there is often adequate evidence, derived from the 
symptoms previously observed, and from the appearances presented by 

* Croonian Lecture in the “ Proceedings of the Royal Society for 1863.” 

t See Henle and Meissner, “Bericht,” 1857, p. 231 ; and 1860, p. 290. 

$ Dr. Richardson’s theory is equally unsatisfactory when applied to the phenomena 
of coagulation frequently observed in vegetable juices. 
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the coagula themselves, that the^%o^latioii has commenced during life ; 
and in all cases of this kind thef« il® been a marked depression of vital 
power for some time previous to the final extinction of life. Again, it 
was foimd by Schroeder Van d^ Kolk,* that if the substance. of the 
brain<fend spinal marrow be broken-down, coagulation of the blood takes 
place whilst it is still moving within the vessels ; clots being found in 
them, even within a few minutes after the operation. Further, that the 
contact of a dead substance promotes coagulation,f even in the living and 
actively-moving blood, is shown by the experiments of Mr. Simon, who 
carried a single thread (by means of a very fine needle) transversely 
through an adjacent artery and vein of a dog, and left it there, so that it 
might cut the stream, for a period of from twelve to' twenty-four hours ; 
the consequence of which was, that a coagulum was formed upon the 
thread, more or less completely obstructing the vessel. There was, how- 
ever, a marked difference in the coagula formed within the artery and 
the vein respectively, which may be attributed to the difference in the 
quality of the fibrin in the blood of the two vessels, or to the differ- 
ence in the rate of its motion, or to both causes conjointly ; for the 
thread which traversed the artery usually presented a ‘ vegetation’ on its 
surface, sometimes as large as a grain of wheat, always of a pyramidal 
shape, with its base attached to the thread, and its apex down-stream ; 
whilst the venous coagulum was a voluminous black clot, chiefly col- 
lecflbd on that side of the thread remotest from the heart. J 

191. Again, the contact of dead animal matter with the Blood appears 
to promote the coagulation of its fibrin in a very remarkable degree ; 
occasioning coagula to form, whilst it is yet actively moving in the vessels 
of the living body. Thus M. Dupuy found that the injection of cerebral 
substance into the veins of an animal occasioned its death almost as in- 
stantaneously as if prussic acid had been administered ; the circulation 
being rapidly brought to a stand, by the formation of voluminous clots in 
the heart and large vessels. These experiments were repeated and con- 
firmed by M. do Blainville.§ — The same effect is produced with still 
more potency, when the substance injected is rather undergoing degrada- 
tion, than actually dead ; for it then seems to act somewhat after the 
manner of a fqrment, producing a marked diminution in the vitality of 
the solids and fluids with which it may be brought in contact. Such is 

* “Comment, de Sanguinis Coagulatione,” Groningen, 1820. 

f For various proofs of which see Lister, ‘Croonian Lecture on the Coagulation 
of the Blood,’ in “Lancet” for 1863, vol. ii. p. 179. 

J “ Lectures on General Pathology,” p. 66. — Mr. Simon applies this fact to the ex- 
planation of the ‘ vegetations’ which so commonly present themselves upon the valves of 
the heart, in cases of rheumatic endocarditis ; maintaining that they are simple deposits 
from the fibrin of the blood, which is unusually abundant in this condition. This doc- 
trine can only be Biij|Btantiated, however, by a careful microscopic examination of these 
substances ; and if they should be proved to have the simple constitution which Mr. Simon 
imputes to them, the fact will in no degree set aside (as he seems to consider it must do) 
the existence of endocardial inflammation, but will rather confirm it, since the deposition 
of fibrin on those particular spots is likely to be specially determined by inflammation of 
the subjacent membrane. 

§ “Gazette M6dicale,” 1834, p. 621. — There is no reason to suppose that cerebral 
substance possesses a more special influence than would be exerted by any other tissue 
which could be as easily mixed-up with the circulating current. The presence of a piece 
of flesh or of the clot of blood, as Prof. Buchanan has sho^^n, often suffices to determine 
the coagulation of fibrin in a solution from which it would not otherwise have separated. 
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pre-eminently the case with as was long ago observed by Hunter, 
and as Mr. H. Lee has since determined more precisely. It was found 
by the latter, that healthy blood received into a cup containing some 
offensive pus, coagulated in two minutes ; whilst another sample of the 
same blood, received into a clean vessel of similar size and shape, re- 
quired fifteen minutes for its complete coagulation. When he injected 
putrid pus into the jugular vein of a living ass, coagulation took place so 
instantaneously as to produce an immediate obstruction to the current of 
blood, so that the vessel at once acquired a cord-like character ; and in 
this mode, the pus was usually prevented from finding its way into the 
general current of the circulation. Whilst it thus remains circumscribed 
by a coagulum of blood, the pus so introduced seems to produce no other 
constitutional disturbance than is attributable to the local injury ; but 
if the circumscription should be incomplete, and the pus should be 
carried into the general circulation, it becomes a source of extensive 
mischief, determining the formation of abscesses in various parts, and 
producing a most depressing influence on the system at large.* — The 
effect of certain animal poisons of a still more potent nature, when intro- 
duced into the current of the circulation (as by the bite of venomous 
serpents), appears to be, like that of a high temperature, the entire 
destruction of the coagulating power of the blood, as well as of the vital 
endowments of the tissues generally. 

192. The proportions of Serum and Clot which present themselves 
after coagulation, are liable to great variation, independently of the 
amount of the several ingredients characteristic of each ; for the crassa- 
mentum may include, not only the fibrin and red corpuscles, but also a 
large proportion of the serum, entangled (as it were) in its substance. 
This is particularly the case when the coagulation is rapid ; and the clot 
then expels little or none of it by subsequent contraction. On the other 
hand, if the coagulation be slow, the particles of fibrin usually seem to 
become more completely aggregated, the coagulum is denser at first, and 
its density is greatly increased by subsequent contraction. When a firm 
fresh clot is removed from the fluid in which it is immersed, its contrac- 
tion is found to go-on increasing for 24 or even 48 hours, serum being 
squeezed-out in drops upon its surface ; and in order, therefore, to form 
a correct estimate of the relative proportions of Crassamentum and Serum, 
the former should be cut into slices, and laid upon bibulous paper, that 
the latter may escape from it as freely and completely as possible. — 
According to the experiments of Mr. Thackrah,f coagulation takes place 
sooner in metallic vessels than in those of glass or earthenware, and the 
quantity of serum separated is much less ; in one instance, the propor- 
tion of serum to clot was as 10 to 24J, when the blood coagulated in a 
glass vessel ; whilst a portion of the same blood, coagulating in a pewter 
vessel, gave only 10 of serum to 175 of clot. The specific gravity of 
Blood is no measure of its coagulating power ; for a high specific gravity 
may be due to an excess in the amount of corpuscles, which form the 
heaviest part of the blood ; and may be accompanied by a diminution in 
the quantity of fibrin, which is the coagulating element. 

* See Mr. H, Lee’s excellent Treatise “On the Origin of Inflammation of the Veins, 
and on Purulent Deposits.” 

f “Enquiry into the Nature and Properties of the Blood,” 2nd edit., p. 66. 
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193, The surface of the Crassamentum not unfrequentlj exhibits, in 
certain disordered conditions of the blood, a layer that is nearly free from 
colour ; and this is known as the Buffy Coat Its presence has been fre- 
quently regarded as a sign of the existence of Inflammation, indicating an 
undue predominance of fibrin; but this idea is far from being correct, 
since, as occurs in chlorosis (§ 183), it may result from an opposite 
condition of the blood. A similar colourless layer is usually observable, 
when the coagulation of the blood has been retarded by the addition of 
agents that have the power of delaying it (§ 188) ; and since, in inflam- 
matory states of the system, the blood is generally long in coagulating, it 
has been supposed that the separation of the red particles from the fibrinous 
part of the clot is due to this cause alone. It was long since pointed-out 
by Dr. Alison,* * * § however, that this explanation is insufficient, for the two 
following reasons ; — “ 1. The formation of the buffy coat, though no 
doubt favoured or rendered more complete by slow coagulation, is often 
observed in cases where the coagulation is more rapid than usual ; and the 
colouring-matter is usually observed to retire from the surface of the fluid 
in such cases, before any coagulation has commenced. 2. The separation 
of the fibrin from the colouring-matter in such cases takes place in films 
of blood, so thin as not to admit of a stratum of the one being laid above 
the other ; they separate from each other laterally, and the films acquire 
a speckled or mottled appearance, equally characteristic of the state of the 
blood with the buffy coat itself.” — Now we have already seen that the red 
corpuscles of healthy blood have 
a tendency to aggregate-together 
in piles and masses ; and it has 
been pointed-out by Prof. H. 

Nasse'l' and Mr. Wharton JonesJ 
that this tendency is greatly aug- 
mented in inflammatory blood, so 
that the corpuscles run-together 
into little clumps often visible to 
the naked eye, and adhere to each 
other with considerable tenacity 
(Fig. 43). Further, it has been 
shown by Mr. Gulliver, § that the 
subsidence of the red corpuscles 
is more rapid in inflammatory 
than it is in healthy blood, and 
that their rate of sinking increases 
with their aggregation; the addi- 

tion of weak saline solutions, by and adhere together; the whtte corpuscles remain 
which the liquor sanguinis is at- 

tenuated, "but which diminish the mutual attraction of the red cor- 
puscles, partially or completely preventing the formation of the buffy coat, 
in blood which exhibited it strongly when left pure, even though its 

* “ Outlines of Physiology,” 3rd edit., p, 89. 

*1* “ Das Blut,’* cited in Henle’s “AnatomieGen^i’ale’* (trad, par Jourdan), tom.i. p. 468. 

‘Report on Inflammation,’ in “Brit, and For. Med. Rev.,” vol. xvii. p. 567. 

§ See his Memoir ‘ On the Buffy Coat of the Blood,’ in the “Edin. Med. and Surg. 

^ Journ.,” No. 165 ; and his edition of “Hewson’s Works,” p, 41. 

0 2 
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coagulation was considerably retarded thereby ; on the other hand, the 
ad^tion of mucilage with a small quantity of saline matter, the effect of 
which is to promote the aggregation of the corpuscles, tended to develope 
the buffy coat by increasing the rate at which they sink. Now as it has 
been found that liquor sanguinis deprived of its corpuscles coagulates 
more slowly than unaltered blood, it does not seem improbable, as Mr. 
Gulliver has remarked, that this separation of the two components of the 
crassamentum, which determines the formation of the buffy coat, is partly 
the cause, rather than the consequence, of the slowness of the coagulation 
of inflammatory blood. — It is in the buffy coat of inflammatory blood 
that we see the clearest indications of organization ever presented by the 
circulating fluid. The fibrous network is frequently extremely distinct ; 
and it commonly includes a large number of colourless corpuscles in its 
meshes, these, indeed, being sometimes so numerous, that it is almost 
entirely composed of them. In severe Chlorosis, the buffy coat appears, 
according to Andral, to be due, not to an increase in the proportion of 
the fibrin, as in inflammation, but to a diminution in the proportion of 
Corpuscles, that of the fibrin remaining unchanged. 

194. The actual cause of the separation and coagulation of the fibrin 
is still exceedingly obscure. Dr. Buchanan* remarked that Fibrin 
might apparently be formed, or at least that coagulation could be induced, 
by mixing two serous fluids like those of Hydrocele and Ascites, or of 
Ascites and Pleurisy, neither of which had, separately, any tendency to 
coagulate : and that coagulation was equally caused by putting into the 
Serum portions of blood, clot, or of fibrin, either fresh or powdered, muscu- 
lar fibre, or other tissues. To the same effect are the recent observations 
of Schmidt, f who attempts to explain the phenomena in question by 
attributing them to the action of cells, as of the Red or White Corpuscles 
of the Blood, or of the connective-tissue Corpuscles, upon the fluid : a 
combination taking place between the albuminous material within the 
cells (fihrino-plastic substance), and the albuminous compound contained 
in the fluid (Jibrino-genovs substance), both of which he believes he has 
been able to obtain in a separate state. The influence of Blood Corpuscles 
in accelerating the coagulation of Chyle and of Blood is undoubted. Their 
influence on Blood was long since shown by Gulliver.J Schmidt found 
that specimens of Chyle which, under ordinary circumstances, coagulated 
in Som 25 to 90 minutes, on the addition of a little blood, coagulated in 
from 2 to 3 minutes. He found also that Hsematoglobulin Crystals pos- 
sessed the same powers as blood itself. On the other hand, Mr. Gulliver, § 
whilst fully admitting and proving experimentally the predisposing agency 
of cells, insists that they cannot be the eflScient cause of the coagulation 
of Fibrin, not only because the mere admixture of two serous fluids in 
which no cells are contained will cause the formation of a coagulum, but 
because certain vegetable juices will coagulate independently of the agency 
of any cells whatever, and the clot thus obtained wiU be a kind of mem- 

♦ ‘‘Proceedings of Glasgow Phil. Society,” 1845. 

t “Muller’s Archiv,” 1862, p. 543. 

j Noteiv. to “Hewson’s Works.” 

§ Note XTiii. to “Hewson’s Works College Lectures in “Med. T. and Gaz.,” Feb. 
14, 28, and Oct. 17 ; and Hunterian Oration, 1863. 
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branoTis sac with internal lacunse, and with its intimate structure composed 
of fibrils. Brown-S^quard* has made the curious observation, that on 
injecting defibrinated blood into the separated limbs of animals, fibrin was 
formed, especially if the muscles were tetanized ; and similar results have 
been obtained by Bernard. f It is remarkable that Splenic Venous 
Blood, when defibrinated, wiU, on exposure to the air, form a second coa- 
gulum. The Blood returning from the Kidneys and Liver has little or 
no tendency to coagulate ; hence. Brown- S(^quard has argued that fibrin 
is destroyed in these organs, and, from a calculation based on the quantity 
of blood transmitted through the renal arteries, estimates the total quan- 
tity of Fibrin decomposed by the Kidneys alone at from 8 to 10 lbs. per 
diem. 

195. Of the particular purposes which are served by the Fibrin of the 
blood in the vital economy of the system at large, it must be confessed 
that we have but little positive knowledge. For putting aside its pre- 
sumed importance in maintaining that physical condition of the blood 
which is most favourable to its free movement through the vessels, and to 
its due retention within their walls (§ 183), we find that it is entirely on 
the coagulating powers of the blood that the cessation of haemorrhage 
from even the most trifling injuries is dependent ; that the limitation of 
purulent effusions by the consolidation of the surrounding tissue, and the 
safe separation of gangrenous parts, can only take place in virtue of the 
same property ; and that the adhesion of incised wounds, still more the 
filling-up of breaches of substance, require as their first condition, that 
either the blood, or matter exuded from it, should be able to assume the 
state of fibrous tissue. On the other hand, we see the consequences of 
excess of the proportion of fibrin, and of that increased plasticity (or ten- 
dency to fibrillate) which usually accompanies its augmentation, in the 
tendency to form those plastic effusions which arc characteristic of the 
Inflammatory state, and which, if poured-out upon serous or mucous sur- 
faces, constitute ^ false membranes’ and ‘ adhesions,’ or, if infiltrated into 
the substance of living tissues, occasion their consolidation. This 
increased plasticity of the blood, however, may frequently be regarded in 
the light of an ‘ effort of Nature’ to antagonize the evil consequences of 
that depression or positive destruction of the vitality of the solid tissues, 
which seems to form an essential part of the inflammatory condition ; ^nd 
thus it is, that whilst the central part of a mass of tissue, in which the 
inflammation has been most intense, suffers complete death, and is carried 
away in the suppurative process, the peripheral part, in which the violence 
of the inflammation has been less, becomes infiltrated with plastic matter 
poured-out from the blood, and forms the solid and impermeable wall of 
the abscess. (See chap. viii. Sect. 3.) 

196. Turning now to the Corpuscles of the Blood, we have to inquire 
into their special functions, and into the nature of their participation in 
the vital operations of the system at large. Here, also, we are obliged to 
rely upon evidence of a far less satisfactory nature than could be desired; 
and at whatever conclusions we may arrive, we must hold them as 

* “Journal de la Physiol.,** tom. i. p. 299, 1868. 

t “Lemons,** 1859, vol. i. p. 460. 
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probable only, and as liable to be modified by further inqrdry. — In the 
first place, upon looking to the chemical constitution of the Red corpuscles, 
we find that it possesses a remarkable correspondence with that of Muscle, 
in the proportion of potash-salts which they both contain (in this respect 
differing in a very marked manner from the liquor sanguinis) ; whilst 
their globulin is more nearly related to muscle-substance, than is the fibrin 
of the blood with which the latter has been usually identified. So, again, 
it exhibits a like correspondence with that of the Nerve-substance, in the 
quantity of phosphorized fat which both include (§ 149). Hence we may 
look upon them as specially subservient to the vital activity of the 
Nerv^o-Muscular apparatus ; since it is one of the most important condi- 
tions of that activity, that these tissues shall be supplied with duly-oxy- 
genated blood, and that the carbonic acid which is one of the products of 
their disintegration, shall be conveyed-away. And this view is in com- 
plete harmony with the fact, that the proportion of Red corpuscles in the 
blood bears a close relation to the amount of Respiratory power (as shown 
in the quantity of carbonic acid set-free, and in the amount of heat gene- 
rated) in different classes of Vertcbrata; both being greatest in Birds, 
nearly as great in Mammals, very low in most Reptiles, and varying con- 
siderably among Fishes.* Again, we observe that among Carnivorous 
Mammalia, the proportion of red corpuscles is considerably greater than 
it is among the Herbivorous tribes, whose nervo-muscular energy is (upon 
the whole) so greatly inferior ; and it is in the condition of greatest animal 
vigour, in the Human system, that we find their amount the greatest, 
whilst the reduction of that vigour by chronic disease of any description, 
seems invariably attended with a more marked diminution in this con- 
stituent of the blood than in any other. And in those Anaemic states ol‘ 
the system, in which the proportion of red corpuscles is reduced to an 
extremely low point (§ 179), we invariably find that the animal powers 
are correspondingly depressed; the capacity for sustained exertion, either 
of the mental faculties, or of the motor apparatus, being almost destroyed, 
although both the nervous and muscular systems are very easily excited 
to feeble action. 

197. The difficulty of precisely determining the functions of the Red 
corpuscles, is even surpassed by that of assigning the probable duty of the 
Colourless. The considerations already adduced appear to show, that the 
Colourless corpuscles are to be considered as cells of a lower grade than 
the Red ; since they represent them among Invertebrated animals, and 
also in the incipient blood of Vertebrata; and also, because cells resem- 
bling the former (if not the very same) pass-on to develope themselves 
into the latter. Still we find that this final change does not occur 
among the Invertebrata ; and it is obvious, therefore, that even in their 

* Among Invertebrated animals, as a general rule, the degree of nervo-muscular energy 
that can be put-forth, the quantity of carbonic acid produced in respiration, and the 
amount of heat generated in the body, are alike at a low standard ; and the fluid consti- 
tuents of the blood, with the colourless corpuscles that float in it, would seem to convey 
oxygen to the tissues, and carbonic acid to the respiratory organs, with sufiicient facility. 
In Insects, however, the case is different ; their nervo-muscular activity, capacity of 
respiration, and heat-producing power being all extraordinarily high. Their want of 
red corpuscles would here seem to be compensated, so far as the respiratory process is 
concerned, by the introduction of air, through the tracheal apparatus, into the tissues 
themselves. (See “Princ. of Comp. Phys.,” Chap. vi. sect. 3, and Chap. x. sect. 3.) 
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colourless state, the corpuscles have a function to discharge in the vital 
economy. The observations of Mr. Newport seem to indicate, that the 
corpuscles of the blood of Insects (some of them in the condition of 
‘ granule-cells,’ others in tl\^t of ‘ nucleated colourless cells’), play an im- 
portant part in the elaboration of nutrient material. For he found that the 
‘ oat-shaped’ corpuscles (the * granule-cells’ of Mr. Wharton Jones) in the 
Larva, are most numerous at the period immediately preceding each change 
of skin ; at which time the blood is extremely coagulable, and evidently 
possesses the greatest formative power : whilst the smallest number are 
met- with soon after the change of skin, when the nutrient matter of the 
blood has been exhausted in the production of new epidermic tissue.* 

198. That condition of the corpuscular element of the blood which is 
normal in the Insect, must be considered as decidedly abnormal in the 
Vertebrated animal, in which the circulating fluid goes-on to a higher 
j)hase of development; and the excess of Colourless corpuscles in the 
latter seems always to be associated (save in the early part of life) with 
an imperfect performance of their nutritive operations. Thus, according 
to the observations of Mr. Paget,'|‘ they are especially abundant in the 
blood of frogs that are young, sickly, or ill-fed ; and as regards the human 
subject, he confirms the statement of Mr. Wharton Jones and Prof. J. H. 
Bennett, that the increased proportion of Colourless corpuscles in inflamed 
blood is most frequent when the subjects of the disease are persons in 
weak health, or of the tuberculous diathesis. Mr. Paget has also fur- 
nished a remarkable confirmation of this view, in the observation, that 
the inflammatory exudations produced in different individuals, by the 
application of the same stimulus on the same tissue {e.g. by the action of 
a blister on the skin) are found to present a predominance of the fibrinous 
or of the corpuscular element, according to the general condition of the 
patient. — “ The highest health is marked by an exudation containing the 
most perfect and unmixed fibrin; the lowest by the formation of the most 
abundant corpuscles, and their nearest approach, even in their early state, 
to the characters of piis-ceUs.” From such evidence we seem forced to the 
conclusion, that, whether or not the Colourless corpuscles are to be 
regarded in any other light than as blood-cells not yet fully developed, 
thein multiplication is not the source of increase in the fibrinous consti- 
tuent of the liquor sanguinis. 

199. The fitness of the Blood for circulation through the body is 
maintained partly by the action of the proper excretory apparatus, and 
partly by the power which every tissue possesses of withdrawing from 
the circulating fluid some particular material, or combination of ma- 
terials, which constitutes its own special pabulum ; and as the ^ pabu- 
lum’ of each tissue is different, it follows that the normal composition 
of the blood can only be preserved, without waste of substance, by 
the existence of such a balance between the appropriative action of the 
several parts, as shall cause a certain equivalent of blood to supply, with- 
out deficiency or surplus, the materials which they collectively require. < 
Such a balance is, in fact, ordinarily preserved ; and its maintenance is 
one of the most marvellous of those exemplifications of Design, which the 
vital economy of the body presents in no less a degree than its organized 

♦ “ Philosoph. Magaziue,” May, 1846, f** Surgical Pathology,” vol. i. pp. 313, 314. 
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Structure ; an exemplification, however, which becomes yet more mar- 
vellous, when it is shown that not only every kind of tissue, but every 
spot of every organ, has its own special ^pabulum;’ drawing something 
from the blood, which is difierent from that appropriated by every other 
part of the body, save the corresponding spot on the opposite side. This 
position seems fully established by the researches of Dr. W. Budd and of 
Mr. Paget on ‘ Symmetrical Diseases’* the phenomena of which are full 
of interest, as illustrating the ordinary operations of Nutrition. Excluding 
the cases of congenital symmetrical defects, and a few which seem to 
depend on morbid influence of the nervous system, it may be stated as a 
general fact, that all symmetrical diseases depend on the presence of some 
morbid material in the blood, which usually enters into combination with 
the tissue that is diseased, or with the organized product of the morbid 
process. Such a substance fastens upon certain spots or islands on one 
side of the body, leaving the surrounding parts imaflected ; and precisely 
similar spots or, islands are affected in like manner on the other side. 
The conclusion seems unavoidable, that, however closely one portion of 
skin or bone may seem to resemble another, the only parts that are exactly 
alike are those which repeat each other symmetrically on the opposite 
sides of the body ; for, although no power of artificial chemistry may 
determine the difference, the chemistry of the living body makes it evident, 
the morbid material testing- out the parts for which it has the greatest 
affinity, uniting with these alone, and passing-by the rest. Thus the 
syphilitic poison has its ^ seats of election’ when it begins to attack the 
bones, fixing upon certain parts of tlie tibia? and of‘ the skull with great 
uniformity ; and in the Hunterian Museum are the pelves of two lions, 
on both of which new osseous deposit has taken place (as the product of 
some disease resembling rheumatism in man) in a most complex and 
irregular pattern, this being so similar in the two, that almost every spot 
and line of the one is represented in the other, with an exactness only 
inferior to the symmetrical correspondence between the two sides of 
each.l It has been further pointed-out by Dr. W. Budd, as indicated by 
the phenomena of these diseases, that next to the parts which are symme- 
trically placed, none are so nearly identical in composition as those which 
are analogous, such as the corresponding parts of the superior and inferior 
extremities. — All these facts tend to demonstrate the perfect and most 
minute exactness of the adaptation which must exist in the state of health 
between the blood and aU the tissues, as well as the almost inconceivable 
minuteness of the departure from this adaptation which may become a 
source of disease ; and it is a sure indication of the safety with which we 
may found such inferences upon them, that the phenomena of symme- 
trical disease are most distinct, when the disordered action is most con- 
formable, as to its character and its rate, to the normal nutrition of the 
structure ; it being in diseases which (though dependent upon a poison 
in the blood) are of an inflammatory or other virulent nature, that 
the symmetry of the morbid change is least obvious. And hence, 
then, we are led to the conclusion, that, as Treviranus phrased it, 
“ each single part of the body, in respect of its nutrition, stands to 

* See their original Essays on this subject in the "Med.-Chir. Trans.,” vol. xxv. 

•f* See Mr. Paget’s ‘Lectures on Nutrition, &c.,’ in the “Medical Gazette” for 1847, 
Jject. 1. ; and his ** Lectures on Surgical Pathology,” vol. i. pp. 18-23. 
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the whole body in the relation of an excreted substance;” or, in other 
words, each part of the body, by taking from the Blood the peculiar 
substances which it needs for its own nutrition, does thereby act as an 
excretory organ, inasmuch as it removes from the blood that which, if 
retained in it, would be injurious to the nutrition of the body generally. 
Thus, the phosphates which are deposited in our bones, are as effectually 
excreted from the blood, and as completely prevented from acting inju- 
riously on other tissues, as are those which are discharged with the urine, 
— The applications of this doctrine have been greatly extended by Mr, 
Paget,* who has given the following among other examples of its bearing 
upon the general relations between the blood and the tissues. The hairy 
covering may be considered to serve, over and above its local purposes, 
for the removal of certain components of the blood, which would be 
injurious to its constitution if they remained and accumulated in it ; and 
accordingly we do not find that its development is delayed, until near 
the period when its protection will be required ; for a complete coat (the 
lanugo of the human foetus) is formed in the foetus of mammals generally, 
whilst they are still within the uterus, removed from all those conditions 
against which hair is a defence ; and this coat is shed very soon after 
birth, being replaced by another of wholly difibrent colour, the growth of 
which had begun within the uterus. The same principle leads to the 
apprehension of the true import of the hair which exists in a kind of 
rudimental state on the general surface of our bodies ; and thence to the 
real meaning of the existence of other organs which i)ermanently remain 
in a rudimental state, such as the mammary glands ol‘ the male. For, as 
Mr. Paget justly remarks (loc. cit.) ‘‘ these rudimental organs certainly 
do not serve, in a lower degree, the same purposes as are served by the 
homologous parts which are completely developed in other species, or in 
the other sex. To say they are useless, is contrary to all we know of the 
absolute perfection and all-pervading purpose of creation ; to say they 
exist merely for the sake of conformity to a general type of structure, is 
surely unphilosophical, for the law of unity of organic types is, in larger 
instances, not observed, except when its observance contributes to the 
advantage of the individual. No : all these rudimental organs must, as 
they grow, be as excretions serving a definite purpose in the economy, 
by removing their appropriate materials from the blood, thus leaving it 
fitter for the nutrition of other parts, or adjusting the balance which 
might otherwise be disturbed by the formation of some other part. Thus 
they minister to the self-interest of the individual ; while, as if for the 
sake of wonder, beauty, and perfect order, they are conformed with the 
great law of unity of organic types, and concur with the universal plan 
observed in the construction of organic beings.” 

200. But further, there are many examples in which the presence of 
a certain substance in the Blood, appears to determine the formation of 
the particular tissue, of which that substance is the appropriate pabu- 
lum. And thus, as the abstraction of the material required for each 
part leaves the blood in a state fitted for the nutrition of other parts, 
it seems to follow, as Mr. Paget has further remarkedj* that such a 
mutual dependence exists amongst the several parts and organs of the 

* Lectures on Surgical Pathology,” LocU ii. f Op. cit,, p, 32. 
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body, as causes the evolution of one to supply the conditions requisite 
for the production of another ; and hence, that the order in which the 
several organs of the body appear in the course of development, while it 
is conformable to the law of imitation of the parent, and to the law of 
progressive ascent towards the higher grade of being, is yet the imme- 
diate result of changes effected in the condition of the blood by the ante- 
cedent operations. And this view is confirmed by many circumstances, 
which indicate that certain organs really do stand in such a complemental 
relation to one another as it implies ; a large class of facts of this order 
being supplied by the history of the evolution of the generative apparatus, 
and by that of the concurrent changes in other organs (especially the 
tegumentary) which are found to be dependent upon it, although there 
is no direct functional relation between them. Thus, the growth of the 
beard in man at the period of puberty, is but a type of a much more 
important change which takes place in many animals with every recur- 
rence of the period of generative activity. It is a matter of common 
observation, that the deficiency of hair on the face (where this is not, as 
among the Asiatics, a character of race) is usually concurrent with a low 
amount of generative power in the male, and may be considered as indi- 
cative of it ; whilst, on the other hand, the presence of hair on the upper 
lip and chin of the female is indicative of a tendency in the general 
organization and mental character towards the attributes of the male, 
and of a deficiency in those which are typical of the female. If, more- 
over, the development of the male organs be prevented, the evolution of 
the beard does not take place ; whilst the cessation or the absence of 
activity in the female organs is often attended by a strong growth of hair 
on the face, as well as by other changes that may be attributed to the 
presence of some special nutritive material in the blood, for which there 
is no longer any other demand. This, again, shows itself yet more 
strongly in Birds; among which (as Hunter long since pointed-out*) it 
is no uncommon occurrence for the female, after ceasing to lay, to assume 
the plumage of the male, and even to acquire other characteristic parts, 
as the spurs in the fowl tribe. Moreover, it has been ascertained by the 
experiments of Sir Phili]) Egerton, that if a buck be castrated while his 
antlers are growing and are still covered with the ‘ velvet,’ their growth 
is checked, they remain as if truncated, and irregular nodules of bone pro- 
ject from their surfaces; whilst, if the castration be performed when the 
antlers are full-grown, these are shed nearly as usual at the end of the 
season, but in the next season are only replaced by a kind of low conical 
stumps. That these and similar changes in the development of organs are 
immediately determined by the condition of the circulating fluid, that is, 
by the presence or absence of the appropriate ^ pabulum’ for the parts in 
question, would further seem likely from the fact, that they may be arti- 
ficially induced by circumstances which directly affect the condition of 
the blood. This has been shown by Mr. Yarrell,j‘ in regard to the 
assumption of the male plumage by the female ; and a still more remark- 
able and satisfactory proof is furnished by the conversion of the ‘ worker’ 
larva of the Bee into a perfect ‘ queen,’ solely through a change of diet.| 

* ‘Account of an Extraordinary Pheasant,* in “Hunter’s Works,” Palmer’s edit., 
vol. iv. p. 44. 

t “ Philosophical Transactions,” 1827. t ** Princ. of Comp. Phys.,” § 119. 
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201. Thus, then, the precise condition of the Blood at any one time, is 
dependent upon a vast variety of antecedent circumstances, and can 
scarcely be the same at any two periods of life. Yet we find that, taken 
as a whole, it exhibits such a remarkable constancy in its leading features, 
that we can scarcely fail to recognise in it some such capacity for self- 
development and maintenance, as that which the solid tissues are admitted 
to possess. And this idea may be thought less strange, when it is borne 
in mind that the first blood is formed by the liquefaction of the primordial 
cells of the embryo ; and that, notwithstanding the continual change in 
its components, it still retains its identity through life, in no less a degree 
than a limb or an eye, the material changes in which, though less rapid, 
are not less complete. Looking, again, to the undoubted vitality of the 
Corpuscles, we cannot but perceive that the Life of the Blood is as legi- 
timate a phrase, and ought to carry as much meaning in it, as the Life of 
a Muscle. And as the one has a period of growth, development, and 
decline, so must the other. — This view is borne-out, not merely by those 
palpable differences in the composition of the blood at different ages, 
which are detectable by our rude methods of examination, but also by 
those alterations in the tendency to particular constitutional diseases, 
which at the same time mark the advance of life, and indicate minute and 
otherwise inappreciable alterations in the circulating fluid. For it is 
obvious that since the poison of small-pox, for example, less readily pro- 
duces its characteristic ‘ zymosis * in the blood of the adult than it does in 
that of the child, the latter must differ from the former, either in compo- 
sition or in vital endowments ; and that since the tendency to ‘ fatty 
degeneration ’ of the tissues generally, shows itself in a far stronger degree 
in the aged person than in the adult, this is likely to be in part owing to 
the condition of the blood, in which, according to the observations of 
Becquerel and liodier, there is a decided and progressive increase of cho- 
lesterin after tlie age of 40 or 50 years. 

202. Thus, then, we seem justified in the belief that the Blood, like the 
solid tissues, has a formative power of its own, which it exerts in the 
appropriation of the new material supj)lied to it from the food ; and that, 
like all the other parts descended from the component cells of the germinal 
mass, it goes through a succession of phases, which are partly the cause, 
and partly the effect, of developmental changes in the organism generally. 
The self-maintaining power of the Blood is yet more shown in the phe- 
nomena of Disease ; and especially in its spontaneous recovery of its nor- 
mal condition, after the most serious perversions ; as wo see more 
particularly in febrile diseases of definite type (such, for example, as the 
Exanthemata, Typhoid, Typhus, &c.), of whose origin in the introduction 
of specific poisons into the blood, there is no reasonable ground for doubt. 
In studying the mode in which these and other ‘ morbid poisons ’ act upon 
the blood, and through it upon the system at large, we may derive im- 
portant assistance from a previous inquiry into the history of the action 
of those poisonous agents, which, from their being more readily traceable 
by chemical analysis, can be more satisfactorily made-out. Such an 
inquiry has a most important bearing, also, on the modus operandi of 
medicines. — The operation of medicinal or poisonous substances for the 
most part depends upon the power which they possess, when introduced 
into the current of the circulation, of effecting some determinate change 
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in the chemical, and thereby in the vital condition,* either of the compo- 
nents of the blood, or of some one or more of the tissues which it 
nourishes ; and their determination to some special part or organ must 
be attributed to the same kind of elective affinity, as that by which the 
normal constituents of the blood are so determined (§ 198). Now, of 
nearly all these substances it may be said, that the system, if left to itself, 
tends to free itself from them, provided time be allowed for it to do so ; 
and that, when death results from their introduction into it, the fatal 
result is to be attributed to the fact, that the disorganization of structure 
and disturbance of function are too rapid and violent to allow the elimi- 
nating processes to be set in efficient operation. When smaller doses are 
taken, their effects are evanescent, unless the abnormal action to which 
they may have given rise is of a kind to perpetuate itself ; | and their 
cessation is obviously attributable to the removal of the agent from the 
system, whereby the continuance of its deleterious agency is prevented^ 
Of this removal, we have of course the most satisfactory evidence in the 
case of those substances which can be detected by ordinary chemical tests 
in the excretions, such as the alkaline and earthy salts, arsenic, tartarized 
antimony, and a variety of other metallic compounds, which may readily 
be detected in the urine for some days after they have been ingested ; 
clearly showing that their elimination is a work of time. On the other 
hand, the salts of copper appear rather to be removed from the blood by 
the liver, and also by the bronchial secretion. And lead, which passes-off 
but little by the ordinary excretions, is withdrawn from the circulation by 
various tissues and organs, but particularly by certain parts of the mus- 
cular apparatus, with the substance of which it becomes incorporated, pro- 
ducing a most injurious influence upon its vital endowments. J — The only 
exception to the general rule above stated, seems to be in the case of 
those medicines which have what is called a ^ cumulative ’ tendency ; this 
tendency being, in fact, simply the result of their want of stimulating 
influence upon the excretory organs, whose functional activity is rather 
impeded than promoted by them. This is pre-eminently the case in 
regard to lead, which is probably the most cumulative poison with which 
we are acquainted ; its continual introduction in doses of even extreme 
minuteness, being capable, if sufficiently prolonged, of causing the most 
serious disturbance in almost every function in the economy. Even here, 
it is rather in the tissues, than in the blood, that it accumulates, — as is 
indicated by a variety of facts, but more especially by the difficulty with 
which it is eliminated from the system by means that woidd be probably 

♦ In some instances it has been shown that the action of certain poisons, as Arse- 
niuretted Hydrogen (Gosebruch, Henleand Meissner’s ‘^Bericht,” 1858, p. 249), effects 
a physical and perceptible change in the blood, altering the form and colour of its cor- 
puscles, and rendering it unfit for the nutrition of the tissues. Again, Dr. Harley has 
shown that the addition of strychnia to the blood produces a diminution in the quantity 
of oxygen which it is capable of absorbing. 

+ Such a perpetuation is seen in the chronic inflammation, thickening, and contraction, 
of the oesophageal walls, consequei^ upon the deglutition of strong acids and caustic 
alkalies. 

t This has been shown by the analyses of M. Devergie (see the ''Traite des Maladies 
de Plomb” of M. Tanquerel, tom. ii. pp. 401-6), and of Prof. Miller (see Dr. W. 
Budd’s essay on ‘The Symmetry of Disease,’ in the “Med.-Chir. Trans.,” vol, xxv.). 
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effectual in removing it from the circulating current ; — and thus we see 
that, in default of other provision for maintaining the purity of the blood, 
the whole body (so to speak) acts as an excretory apparatus, and draws 
into itself the noxious substance. 

203. There are numerous cases, moreover, in which poisonous or 
medicinal substances can be traced in the excretions by chemical tests ; 
their effects, when moderate doses have been taken, passing off so com- 
pletely, that there can be no doubt of their not being any longer 
present, as such, in the system. The substances of this class are never- 
theless, in many instances, of a nature and composition which render them 
peculiarly susceptible of change, when subjected to the influences which 
they must encoiinter in the living body, and more especially when ex- 
posed in a state of very fine division to the agency of oxygen. We see 
exemplifications of this mode of elimination of poisons in the transient 
operation of moderate doses of Alcohol, Ether, Chloroform, Opium, 
Strychnia, Prussic Acid, &c., in all of which the question of life or 
death is one of time ; for if the fatal result do not speedily follow the 
absorption of the poison into the blood, the patient gradually recovers 
from its effects ; and the most effectual treatment consists in the arti- 
ficial maintenance of the respiratory movements, which the influence of 
these poisons upon the nervous centres might otherwise suspend. These 
poisons can frequently, though not always, be detected in the circulating 
fluid by their sensible or chemical characters, especially if only a short in- 
terval has elapsed subsequently to their absorption; thus it has been found 
by Dr. Lonsdale that the odour of j)russic acid cannot be perceived in the 
blood or in the cavities, when life had been prolonged beyond 15 minutes, 
although, when death took place within a shorter time, the poison might 
be detected in the body by its odour alone for eight or nine days after- 
wards ; and the presence of morphia ceases to be recognisable by the 
ordinary chemical tests, within a short time after it has been taken into 
the circulating current. — With regard to certain poisons of this 
unstable class, there is strong evidence that they pass into the urino 
and are thus eliminated, without undergoing any change that impairs 
their physiological action ; this evidence being afforded in the effects of 
the re-ingestion of the urine, either by the individuals themselves, or by 
others. A very curious example of this kind is afforded by the intoxi- 
cating fungus. Amanita muscaria^ which is used by some of the inhabi- 
tants of the north-eastern parts of Asia, in the same manner as alcoholic 
liquors by other nations. Its effects, like those of other excitants, have 
a limited duration ; for a man who is intoxicated by it one day, ‘ sleeps 
himself sober’ by the next. His restoration is due, however, not to his 
repose, but to the elimination of the poison which takes place during the 
interval ; for if he drink a cup of his urine the next morning, he is yet 
more powerfully intoxicated than he was the preceding day ; and this 
fluid has the same effect upon any other individual into whose urine the 
active principle then passes ; so that, according to the testimony of 
travellers, the intoxicating agent may be transmitted in this manner 
through five or six persons, a small stock at the commencement thus 
serving to maintain a week’s debauch. Results of the same order have 
been obtained by Dr. Letheby, in regard to opium, belladonna, hemlock, 
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aconite, &c. ; the passage of these substances into the urine being prov^ 
by the induction of their characteristic effects, when that fluid was admi- 
nistered to other animals. 

204. Between the substances which admittedly rank as poisons^ and 
those which are reckoned as materies morhorum, no definite line of demar- 
cation can be drawn ; and the train of symptoms produced by the opera- 
tion of the former, is really as much a disease as that which results from 
the presence of the latter. The connection is, in fact, established, by 
those ^ animal poisons’ which are the result of decomposition either within 
or without the body; such as that of the ‘pustule maligne,’ or of the 
flesh of animals suffering under disease, on the one hand, or the ‘ cheese- 
poison,’ ‘ sausage poison,’ &c. on the other. — It may be admitted that our 
belief in a specific material cause for a great part of the effects set-down 
to the action of ‘ morbid poisons,’ is merely inferential ; and there are 
many persons to whom their exhibition in a tangible form seems to afford 
the only convincing evidence of their existence. But it must be remem- 
bered that the germs of other ferments constantly exist in the state of 
suspension in the atmosphere, as is well shown by the experiments of 
Schroder,* who found that by the mere filtration of air through so coarse 
a medium as a plug of cotton- wool placed in the mouth of the vessel, was 
sufficient to prevent the fermentation or putrefaction of almost any or- 
ganic substance which had been heated to boiling; and it is easy to 
conceive that pus- cells, or the minute portions of the plasma of various 
diseases, may be taken up during evaporation and remain long floating in 
the atmosphere. In the case of those poisons which are capable of 
being introduced by inoculation, we have, indeed, the required proof of 
their material existence ; and this proof is capable of being extended by 
a safe analogy to infectious diseases generally. For, if small-pox can be 
communicated by the inhalation of an atmosphere tainted with the 
exhalations of a person already affected with it, as well as by the intro- 
duction of the fluid of the cutaneous pustule into the blood of another, it 
can scarcely admit of a question, that the same poisonous agent is trans- 
mitted in both cases, although through different media, and that it has as 
real an existence in the transferred air, as in the transferred pus. Diseases, 
then, which are capable of being transmitted in both these methods, form 
the connecting link between those resulting from ordinary toxic agents, 
and those which must be assumed to depend upon a subtle poison, of 
which the air alone is the vehicle, — such, for example, as malarious 
fevers; this assumption being required by all the rules of logic, as the only 
one which will account for the phenomena to be explained, and therefore 
possessing a claim to be accepted as an almost certain truth. There is a 
strongly-marked difference, however, between the modus operandi of the 
toxic agents whose action has been previously examined, and that of the 
mordid poisons we are now considering ; for whilst the former possess a 
certain definite action, the intensity of which {cceteris paribus) is propor- 
tionate to the quantity that is in operation, and which is usually deter- 
mined, in virtue of the ‘ elective affinity ’ already spoken-of, to some 
particular organ or tissue, — the lafter act primarily upon the blood, 
influencing the system at large through the changes which they produce 


Liebig, ^'Ansalen,** oix. heft i. 
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in its constitution; and their potency depends rather upon the susceptibility 
of the blood to their peculiar influence, than upon the quantity of the 
poison that may be introduced into it. 

205. Of the existence of such susceptibility, as a ‘ predisposing cause’ 
of Zymotic^ disease, there cannot be the slightest doubt. In the case of 
the Exanthemata and Hooping-cough, we see that it is congenital, and is 
usually removed by the occurrence of one attack of the disease (although 
this is not a uniform protection) ; but the liability even to these varies 
greatly in different individuals, and at different times in the same indivi- 
dual. And with regard to other zymotic diseases, the liability to which 
is not thus limited, all extended observation concurs in showing that it 
is augmented by anything which tends to depress the vital powers of the 
system, and more particularly by any cause which obstructs the due 
purification of the blood, by the elimination of the products of decom- 
position. Thus, it will be shown hereafter (chap, vii.. Sect. 3), that no 
antecedent condition has been found more efficacious in augmenting the 
fatality of Cholera, than overcrowding ; which compels those who are 
subjected to it, to be constantly breathing an atmosphere not only 
charged with carbonic acid, but laden with putrescent emanations ; and 
which thus favours the accumulation of decomposing matter in the blood, 
which serves as the most appropriate soil for the seeds of the disease. 
And what is true of Cholera has been found to be true of Zymotic 
diseases in general; the very same fcrmentible matter in the blood 
serving for the development of almost any kind of zymotic poison that 
may be received into the system, whether from the atmosphere, or from 
the bodies of those who have already been subjects of the disease. That 
such conditions are constantly present in all large towns is shown in the 
most satisfactory manner by the observations of Dr. Angus Smith, f who 
found that whilst on the hills above Manchester the proportion of organic 
matter was one grain in 200,000 c. i. of air, in the crowded courts of 
the town there was one grain in every 8000 c. i., indicating but too 
surely the source of the various diseases of the lungs, brain, and alimen- 
tary canal, which the observations of Dr. Greenhow have shown to occur 
in such excess in town districts, J and which probably acts§ by de- 
pressing or impairing the functions of the whole body, and particularly 
of those organs with which it is brought into contact. It is worthy 
of remark, however, that the effects of the protracted action of this 
impure air are seen, not so much by any remarkable increase in the 
relative mortality of the exanthemata in town as compared with 
country districts, but in the fatal issue which results in the various 
cases of nervous diseases ; the proportion of deaths from these being 
25*8 in rural, and 38*3 per 1000 in town districts. Hence what 
has been here spoken of as ‘ fermentible matter,’ is not a mere hypothe- 
tical entity, but has a real material existence ; for in all those conditions 

* The term zymotic is a very convenient designation, which, originally suggested by 
Dr. W. Farr, has of late gained general currency, for that class of diseases whose pheno- 
mena may be attributed to the operation of a morbid poison of the nature described 
above ; this operation bearing a strong analogy to that of ‘ ferments.* 

+ “On the Air of Towns.” 

i “ Papers on the Sanitary State of the People of England,” by Q-. H. Greenhow, 
M.D.. 1869. 
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of the system in which we know that decomposition is going-on to an 
unusual extent, and in which there is a marked tendency to putrescence 
in the excreted matters,^ we witness such a peculiar liability to zymotic 
diseases, as clearly indicates that the state of the blood is peltaliarly 
favourable to the action of the zymotic poison. This is pre-eminently 
the case in the puerperal state, in which the tissue of the uterus is 
undergoing rapid disintegration, its vital force having been expended ; 
for there is now abundant evidence that the contact of decomposing 
matters which would be innocuous at other times, is capable of so acting 
upon the blood of the parturient female, as to induce that nnost fatal 
zymosis which is known as ^ puerperal fever.’* * * § And her peculiar liability 
is in no respect more manifest than in this ; that the poison by which 
she is affected may have lain dormant for weeks or months, for want of 
an appropriate nidus, and will yet exhibit its full potency on the very 
first case in which opportunity may be given for its introduction into the 
system of a puerperal patient.*]’ The same kind of liability is displayed 
in the subjects of severe injuries, and in those exhausted by long-con- 
tinued muscular exertion, among whom, also, there is not only a state 
of general depression of the vital powers, but also a special source of 
decomposing matter in the system ; for there is evidence that ^ surgical 
fever’ may be induced in them, by the introduction of a zymotic poison 
derived from a variety of external sources (amongst others, from patients 
affected with puerperal fever), such as would have no effect upon a 
healthy subject ; and, moreover, that overcrowding in hospitals has a 
special tendency to increase this liability. J Thus, then, we may affirm 
with strong confidence, that the special liability to Zymotic diseases, which 
determines their selection of individuals when epidemically prevalent, 
depends upon the previous condition of the blood of the subjects who are 
thus ^ predisposed’ to their invasion ; and more especially on the presence 
of fermentible matters, resulting from the ordinary processes of disinte- 
gration, which, in the state of perfect health, are eliminated as fast as they 
are formed, but of which an accumulation is prone to take place, either 
when there are special sources of an augmented production, or when the 
excretory operations are imperfectly performed. § And it would further 
appear, that the continued accumulation of such matters may itself 
become a source of certain forms of Zymotic disease, which may thus 
originate de novo in the system, and which may thence be propa- 

* For a most marked and convincing example of this kind, see Dr. Routh’s paper on 
'The Causes of the Endemic Puerperal Fever of Vienna,’ in the " Medico-Chirurgical 
Transactions,” vol. xxxii. p. 27. — That the poison which developes puerperal fever may 
be conveyed from patients labouring under almost any other form of Zymotic disease 
tending to putrescence, that is propagable by contact, — such as scarlatina, small-pox, 
or erysipelas, — is now the general opinion of most pathologists who have paid special 
attention to the subject. 

+ This is shown by the instances, unhappily of no unfrequent occurrence, in which 
practitioners who have unfortunately become the vehicles of the puerperal poison, and 
have conveyed it to several patients in succession, have experienced the same direful 
results immediately on resuming obstetric attendance, after a lengthened interval of 
suspension from it, and even from professional employment of every kind. 

t See Prof. Simpson 'On the Analogy between Puerperal and Surgical Fever,’ in the 
‘^Edinb. Monthly Joum.,” vol. xi. p. 414 ; and vol. xiii. p. 72. 

§ For a fuller exposition of this doctrine, see the “Brit, and For. Med.-Chir. Rev.,” 
vol. xii. p. 169 et seq. 
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gated to other individuals in some of the modes already specified ; of 
this we have notable examples in hydrophobia, erysipelas, and the 
^ pustule maligne.’ 

206«fr It is not only, however, in the class of Zymotic diseases, that we 
seem distinctly able to trace the operation of morbid poisons circulating 
in the blood ; for there are numerous other maladies, of whose origin in 
a like condition there can be no reasonable doubt ; and these are in some 
respects more closely analogous than the preceding, to the disordered 
states induced by the introduction of toxic agents. For in those of which 
we have now to speak, the action is destitute of any analogy to fermen- 
tation, and its potency is strictly proportionate, in each case, to the 
amount of the dose that is in operation. Here, too, we have a connecting 
link afforded by those disordered states of the system, which depend upon 
an undue accumulation of poisons normally generated within it, in con- 
sequence of some obstacle to their elimination. Thus, the retention of 
urea or of uric acid, of carbonic acid, biliary matter, lactic acid, or of 
other substances which are normal products of the waste or disintegration 
of the body, in the blood, are as true instances of poisoning as if these sub- 
stances had been directly injected into the blood-vessels ; and the evil is oi‘ 
course increased, when (as frequently happens) augmented production is 
concurrent with imperfect elimination. 

207. In aU cases, therefore, one of the first questions which the intel- 
ligent Practitioner will feel called-upon to decide, is, whether the malady 
he has to treat originates in the sbite of the Blood, or in a disorder purely 
local; and, if he feel justified in referring it to the blood, whether it 
merely depends upon an alteration in the proportion of its normal consti- 
tuents, as in plethora and simple anajmia, or whether its phenomena 
imply the presence of some toxic substance in the circulating fluid. — If 
the former be his conclusion, he has then to endeavour to rectify the 
excess or the deficiency, by reducing the former, or by supplying the 
latter ; as when he bleeds and prescribes low diet for Plethora, and em- 
ploys iron and generous living in Anaemia. But it is his duty to take 
care that his means are appropriate to his ends; for there can be little 
doubt that the too-copious venesection which was formerly practised 
almost indiscriminately in acute infijimmations, had a pernicious tendency 
to postpone the final recovery from them, whilst it had often but a 
doubtful efficacy in subduing the first violence of the disease. As a 
general rule it may be stated, that general blood-letting is likely to be 
rather injurious than beneficial in toxic inflammations, in which the 
vitality of the blood as a whole is decidedly lowered, notwithstanding the 
large increase in the proportion of fibrin ; and to this rule, the results of 
careful and extended observation have recently shown that Rheumatism 
is seldom to be considered an exception, notwithstanding that this disease 
was formerly considered to be one of those in which the efiScacy of 
copious depletion was most undoubted. — In diseases of toxic origin, the 
treatment must be conducted upon principles exactly the same as those 
by which the practitioner would be guided in his treatment of a case of 
ordinary poisoning ; but as regards the two classes into which it has 
been shown that these maladies may be divided, a difference must be 
made in their application. 

208. The ‘ morbid poisons ’ of our second class (§ 206) are distin- 
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guished by this, that there is a continual new generation of them within 
the system ; and the first indication of treatment, therefore, will be to 
check their formation, so far as this may be possible. This is the 
rationale of the dietetic and regiminal treatment of the lithic, lactic, and 
oxalic diatheses, of lepra and psoriasis, of chronic gout and rheumatism, 
and many other chronic diseases of toxic origin. — Secondly, we should 
endeavour to destroy or neutralize the poison, if we have any remedies 
which possess such an action upon it. Perhaps the curative influence of 
arsenic in some of the chronic skin-diseases, is one of the best examples 
of this kind ; but it must be admitted that such direct ^ antidotes ’ to 
morbid poisons are very few in number. — Thirdly, where we cannot thus 
destroy the poison, we must endeavour to moderate its action upon the 
system ; this is the rationale oi palliative treatment of every description, 
in which the fons et origo of the malady is left unchanged. — But fourthly, 
our main object must be to eliminate the poison from the system as 
rapidly as possible, by the various channels of excretion ; acting upon 
these by remedies which either increase their activity, or which so alter 
the condition of the morbific matter as to enable it to be more readily 
drawn-off. The judgment of the well-informed practitioner, in the treat- 
ment of diseases of this class, is more shown in his discriminative selection 
of the best means of thus aiding the Blood to regain its normal purity, 
than in any more apparently ‘ heroic measures’; and a candid review of 
the most aj)proved systems of treatment, for diseases of the type here 
alluded -to, will show that the ratio of their efficacy is in accordance with 
that of their harmony with the above indications. 

209. Among the Toxic diseases of the zymotic class, in most of which 
the poison is introduced from without, the course of the morbid pheno- 
mena to which this gives-rise is usually more definite and specific, and 
its duration more hmited. There is no sotu’ce within the body, whence 
a new suj)p]y of the poison is continually arising ; and its operation ceases, 
therefore, as soon as it is entirely eliminated from the system. But there 
is this peculiarity in the action of many of the poisons in question, that 
they have the power of. multiplying themselves within the body ; thus, 
for example, when small-pox has been communicated by the inoculation 
of an excessively minute portion of the virus, hundreds or thousands of 
pustules are generated, each of them charged with a poison equally potent 
with that from which they originated. It is to this multiplication, that 
the extension of zymotic diseases, by communication between individuals 
affected with them and healthy subjects, is chiefly due ; and the question 
of the ‘ contagion ’ or ^ non-contagion ’ of any particular disease of this 
class, is, therefore, essentially that of the multiplication or non-multipli- 
cation of the poison in the human body. This multiplication of certain 
zymotic poisons is a yet stronger point of analogy to the action of 
‘ ferments,’ than that which is afforded by the violence of the changes they 
induce when compared with the amount in operation. Some of these 
poisons are of such potency, that, in however minute a quantity they are 
introduced, they will change the whole mass of the blood in a few minutes, 
and will act indiscriminately on all individuals alike ; this is the case, for 
example, with the venom of serpents. On the other hand, there are 
many (as already remarked) which seem to require the presence of some 
special fermentible matter in the blood (§ 205). And between these 
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might probably be established a regular gradation, — from those most 
‘pernicious’ forms of malarious poison, which derive their potency from 
the intensity of vegetable decomposition under the influence of a high 
temperature; or those ‘malignant’ types of typhoid poison, which owe 
their special intensity to animal putrescence engendered by filth and 
overcrowding ; both of these attacking a very large proportion of those 
who are exposed to them, — to those milder forms of zymotic poisons, 
which, though derived from the same sources with the preceding, act 
with so much less of uniformity upon different individuals, that we can 
scarcely fail to recognise, as a ‘ predisposing cause,’ or rather as a neces- 
sary concurrent condition, the presence of some readily-decomposable 
matter in the blood. The long-continued action of these poisons, in their 
milder forms, seems itself capable of inducing this condition ; thus, a 
healthy person who settles in an aguish country, may remain free from 
intermittent fever for a considerable time, but his health gradually 
deteriorates, and at last he becomes the subject of the disease, which 
would have much earlier attacked him if his blood had been brought 
into the ‘ fermentible ’ state by irregularity of diet, over-exertion, &c. ; 
and the same may be observed in the case of those long exposed to the 
poison of typhoid or other fevers, which especially locates itself in animal 
miasmata, if it be not actually engendered by them. 

210. In some of the diseases of this class, the change in the qualities 
of the Blood produced by the introduction of the poison is such as to 
give it a morbid action on certain organs or tissues only ; their pheno- 
mena in this respect corresponding with those of ordinary poisons, and of 
the toxic diseases previously noticed. Such may be said of vaccinia, 
gonorrhosa, primary syphilis, &c., in which the general functions of the 
body seem to be disturbed chiefly or solely through the local disorder. 
It may happen that, even where a specific poison is present in the blood, 
it may not be potent enough to manifest itself in any disordered action, 
either general or local, until the depressed state of the nutrition of some 
part or organ renders it more suscej^tible of a further perversion ; thus it 
is very common for the first development of Caneer to follow upon some 
local injury; and where constitutional Syphilis may be presumed to 
exist, it often seems to lie dormant, until some appropriate part is ren- 
dered, by some such cause, peculiarly susceptible to this malady.* — But, 
in other cases, we find that the contamination of the blood is such as 
primarily to produce more or less disturbance in all the functions ; as we 
especially witness in the severer forms of fever, in poisoning by venomous 
serpents, &c. Even in this last class of cases, however, a special deter- 
mination to one organ or system is frequently obvious ; and this may be 
so constant as to be characteristic of the disease, as is the case with the 
skin-affection in the Exanthemata generally, the affection of the throat 
and the kidneys in Scarlatina, and that of the air-passages in Measles. 
But in other instances, the local affections produced in different indivi- 
duals by the same specific poison, vary in their relative intensity, and 
even in their seat, according to the previous conditions which their 
respective subjects afford ; and whilst, in some instances, this variation 
may be clearly traced to local peculiarities of nutrition, in others it seems 

* See Mr. Paget’s ** Lectures ou Surgical Pathology,” vol. i. p. 492. 

p 2 
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only capable of being accounted-for by supposing that the blood of each 
individual has some peculiar or personal character, which causes it to be 
differently affected in'feach subject Of the determining influence of local 
deteriorations of nutrition, we occasionally meet with curious examples 
in the Exanthemata thus, the eruption of Measles has been seen to be 
deepest and most diffused over a knee affected with chronic synovial 
inflammation and general swelling ; and in a patient who became 
affected with Small-Pox soon after a fall on the nates, the pustules, 
though thinly scattered elsewhere, were crowded-together on the in- 
jured part as thickly as possible * So, during an epidemic Influenza, it 
18 evident that the local affection often manifests itself chiefly (if not 
solely) in what was previously regarded as the ‘weak pomt’ of each 
patient’s system j" — The local determination of a morbid poison may 
frequently be regarded as one of the means whereby the blood and the 
system at large are freed from its action. Of this, again, we have a 
most characteristic example in the Exanthemata for it is a matter of 
constant observation, that the constitutional symptoms, especially fever and 
delirium, are most severe before the cutaneous eruption comes out , that 
there is much greater danger to life, when the eruption does not develope 
itself fully ; and that its premature repression induces a return of the 
severer constitutional affection So in Syphilis and Cancer (as Mr Paget 
remarks), the severest defects or disturbances in the whole economy may 
coexist with the smallest amounts of specific local disease , and it has 
been laid-down as a general law by Dr Robert Williams, “ that when a 
morbid poison acts with its greatest intensity, and produces its severest 
forms of disease, fewer traces of organic alterations of structure will be 
found, than when the disease has been of a milder character 

211 In nearly all the Toxic diseases of the zymotic class, there is a 
natural tendency to the self-elimination of the poison and of the products 
of its action on the blood, either by the operation of the ordinary cxcre- 

* Paget, op cit , p 444 

+ Of those variations, on the other hand, which, as they cannot be thus atti ibuted to 
puiely local causes, must be referred to peculiarities in the general state of the system, 
and especially of the blood, of each individual, we have a highly characteristic example 
in the following incident, which fell under the notice of Prof Huxley, when serv 
ing as Assistant Surgeon on board H M S Eattlesnake, whicb had been engaged 
on a surveymg voyage about New Q-uinea and Australia The crew seem to have 
acquired a predisposition to disease, by long confinement, exposure to tropical sunshine, 
unwholesome food, and other unfavourable influences , but no decided malady had 
shown itself among them, until one of them, after slightly wounding his hand with a 
beef bone, had suppuration of the axillary lymphatic glands, with which typhoid symp- 
toms and delirium were associated, and which proved fatal A few days after his death, 
the sailor who washed his clothes had similar symptoms of disease in the axilla , and 
for four or five months he sufiered with sloughing of poitions of the cellular tissue of 
the axilla, arm, and trunk of the same side Near the same time, a third sailor had 
diffuse inflammation and sloughing in the axilla , and after this, the disease ran in 
various forms through the ship’s company, between thii’ty and forty of whom were 
sometimes on the sick list at once Some had diffuse cellular inflammation , some had 
inflammation of the lymphatic glands of the head, axilla, and lower extremities , one 
had severe idiopathic erysipelas of the head and neck , another had phlegmonous erysi- 
pelas of the hand and arm after an accidental wound , others had low fever with or 
without enlargement of glands Finally, the disease took the form of mumps, which 
affected almost everybody on board. The epidemic lasted from May to July (the 
winter in the southern hemisphere), the ship being at sea during the whole time 
^ “ Elements of Medicine,” Vol i. p 12. 
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tory organs, or by the peculiar local actions just adverted- to ; and this 
process takes place in many instances with such regularity, that not only 
the period which it will altogether require, but each of those successive 
epochs which mark the stages of development and metamorphosis in the 
poison and in the products of its action, may be almost exactly predicted. 
There is not, in fact, a more remarkable indication of the ‘ Life of the 
Blood,’ than is afforded by its extraordinary power of self-recovery, after 
having undergone the excessive perversion which is consequent upon the 
introduction of the more potent Zymotic poisons ; and every philosophical 
physician is ready to admit, that it is to this ‘ vis medicatrix naturae,’ 
rather than to any remedial agency which it is in his power to apply, 
that he must look for the restoration of his patient. The very nature 
of the action of zymotic poisons upon the blood, seems to forbid the 
expectation of our being able to neutralize or check that action Jpy 
antidotes ; and the objects of treatment wholly lie, therefore, in pro- 
moting the elimination of the morbific matters thus engendered, in 
keeping-under any dangerous excess of local action, and in supporting 
the system during the continuance of the malady. In a large proportion 
of zymotic diseases, it is probable that the oxidation of the morbific 
matter by the aeration of the blood, is the chief means of its removal ; 
and it is accordant with this view, that the encouragement of the respira- 
tory function, both pulmonary and cutaneous, by a pure and cool atmo- 
sphere, and by keeping the skin moist (either by the administration of 
diaphoretic medicines, or by external applications), should be found one 
of the most efficient means of promoting recovery.* Wliilst mild purga- 
tives may be employed with advantage for the same end, in the earlier 
stages of these diseases, care must be taken that the system be not too 
much debilitated by their action ; and the same caution must be observed 
with regard to the use of local depletion or coimter-irritation, for the 
purpose of subduing the violence of some local affection. In fact, the 
general tendency of these diseases to the adynamic typo seems to indi- 
cate that, however beneficial the immediate results of reducing treat- 
ment may appear to be, its remote effects are much to be dreaded. 
And when the results of a large and varied experience are brought 
together, the Author believes that those will be found most satisfactory, 
in which the treatment has been moderately evacuant, and early susten- 
tative.| 

* Dr. Daniell, whose long familiarity with the most pernicious forms of African fever, 
and with the various modes of treatment which have been put in practice for its cure, gives 
a most decided preference to the sadoHjic system in vogue among the natives, as having 
a vast superiority over the venesections, saline purgatives, and large doses of calomel, 
which most European practitioners have employed. See his “Sketches of the Medical 
Topography and Native Diseases of the (iulf of Guinea,” p. 120. 

i* On the subject of the latter portion of this section, see the treatise of Dr. Robert 
Williams on “Morbid Poisons,” the “ Principles of Medicine” of Dr. Charles J, B. 
Williams, the “Lectures on General Pathology” by Mr. Simon, and the chapter on 
‘ Specific Diseases’ in Mr. Paget’s “ Lectures on Surgical Pathology,” vol. i. 
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CHAPTER VI. 

OF THE CIRCULATION OF THE BLOOD. 

1. Of the Circulation in General, 

212. The Circulation of nutritive fluid through the body has for its 
object, on the one part, to convey to every portion of the organism the 
materials for its growth and renovation, together with the supply of 
Oxygen which is requisite for its vital actions, (especially for those of 
the Nervo- Muscular apparatus) ; and at the same time to carry-off the 
particles which are set-free by the disintegration or ‘ waste ’ of the tissues, 
anti which are to be removed from the body by the Excreting processes. 
Of these processes, the one most constantly in operation, as well as most 
necessary for the maintenance of the purity of the blood, is the extrica- 
tion of Carbonic acid through the Respiratory organs ; and this is made 
subservient to the introduction of Oxygen into the system. In Man, as 
in other Vertebrated animals, there is a regular and continuous move- 
ment of the nutritive fluid through the sanguiferous vessels ; and upon 
the maintenance of this, the activity of all j)arts of the organism is de- 
pendent. In common with Birds and Mammals, again, Man has a Respi- 
ratory circulation entirely distinct from the Systemic; all the blood 
which has returned from the body being transmitted to the lungs, and 
being brought back to the heart again, before it is sent-forth afresh for 
the nourishment of the tissues and for the maintenance of their functional 
activity. The Heart is placed at the junction of these two distinct circu- 
lations, which may be likened to the figure 8 ; and it may be said to be 
formed by the fusion of two distinct organs, a ‘ pulmonary ’ and a 
‘ systemic’ heart; for its right and left sides, which are respectively ap- 
propriated to these purposes, have no direct communication with each 
other (in the perfect adult condition, at least), and seem merely brought 
together for economy of material.* Each system has its own set of Arte- 
ries or efferent vessels, and of Veins or afferent trunks ; these communi- 
cate at their central extremity by the Heart, and au their peripheral 
extremity by the Capillary vessels, which are nothing else than the 
minutest ramifications of the two systems, inosculating into a plexus. — 
Besides the systemic and pulmonary circulations, however, there is 
another which is no less distinct, although it has not an impelling organ 
of its own. This is the ‘ portal ’ circulation, which is interposed between 
the venous trunks of the abdominal viscera and the Vena Cava, for the 
purpose of distributing that blood through the Liver, in which organ 
its newly-absorbed materials undergo assimilation, whilst its excre- 
mentitious matters are separated by the secreting process. The Vena 
Porta3, which is formed by the convergence of the gastric, intestinal, 
splenic, and pancreatic veins, subdivides again like an artery, so as to 
form a capillary plexus which extends through the whole substance of 

* At an early period of footal life, as in the permanent state of the Dugong, the heart 
is so deeply cleft, ^om the apex towards the base, as almost to give the idea of two 
separate organs. 
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the liver ; and the Hepatic vein, collecting the blood from this plexus, 
conveys it into the Vena Cava Thus the portal circulation is grafted 
(so to speak) upon the general circulation, in precisely the same mode as 
the respiratory circulation is grafted upon it in Mollusca and Crustacea ; 
and if the ‘ sinus’ of the Vena portae had possessed contractile muscular 
walls, it would have ranked as the proper heart of the portal system 
The really arterial character of the Vena portae is well shown by com- 
paring it with the Aorta of Fishes ; which is formed by the convergence 
of the branchial veins, and then distributes the blood which it has re- 
ceived from them to the body generally 

213. That the movement of the Blood through the arterial trunks and 
the capillary tubes, is, in Man, and in other warm-blooded animals, 
chiefly dependent upon the action of the Heart, there can be no doubt 
whatever It can be easily shown by experiment, that if the arterial 
current be checked, the capillaries will immediately cease almost entirely 
to deliver the blood into the veins, and the venous circulation will be 
consequently arrested And it has also been proved, that the usual force 
of the Heart is sufficient to propel the blood, not only through the arte- 
rial tubes, but through the capillaries, into the veins , since even a less 
force will serve to propel w<irm water through the vessels of an animal 
recently dead * But there are certain ‘‘residual phenomena” even in 
Man, which clearly indic ite that this is not the whole truth , for not only 
is the general current of blood greatly modified in its passage through the 
circulating system, but there are many variations in its movement, 
which, being very limited in their extent, cannot be attributed to any 
central disturbance, and must therefore be dependent on causes purely 
local Hence we are led to perceive that forces existing in the Blood- 
vessels themselves must have a considerable influence, in producing both 
general and local modifications of the effects of the Heart’s action There 
are also indications of the existence of influences in which the blood- 
vessels do not partake, arising from those changes occurring between the 
blood and the tissues, that constitute the processes of Nutrition, Secre- 
tion, &c Of the nature of these influences, and of the degree of their 
operation, the most correct idea may be obtained by examining the phe- 
nomena of the Circulation in those beings, in which the moving power is 
less concentrated than it is in the higher Animals Thus we find that 
m Plants and the lowest Animals, as in the earliest embryonic state of 
the highest, a movement of nutritious fluid takes place through a system 
of minute passages or channels excavated in the tissues (representing a 
capillary plexus), without any vis a teiqo derived from an impelling 
organ Ascending a little higher in the scries, we meet with a system 
of vascular trunks, distributing the blood to these plexuses, and collecting 
It again from them , and the walls of these trunks are so far endowed 
with contractility, as to assist, by a sort of peristaltic movement, m the 
maintenance of the current through them. Still passing upwards, we 
find this contractility manifesting itself especially in some hmited portion 
or portions of the vascular system, which execute regular movements of 
contraction and dilatation ; and this tendency to concentration is increas- 
ingly observed, until the whole movement is subordinated to the action 


See Dr Wilhams’s “Principles of Medieine,” 2nd edit.,«|) 185, note. 
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of a principal propelling organ, the Heart.* * * § — We shall now examine 
what agency in the Human Circulation may be attributed to the Heart, 
the Arteries, and the Veins respectively ; and what other forces may be 
fairly presumed to operate in the Capillary circulation. 

2. Action of the Heart, 

214. The Heart is endowed in an eminent degree with the property of 
irritability ; by which is meant, the capability of being easily excited to 
movements of contraction alternating with relaxation. Thus, after the 
Heart has been removed from the body, and has ceased to contract, a 
slight irritation will cause it to execute, not one movement only, but a 
series of alternate contractions and dilatations, gradually diminishing in 
vigour until they cease. The contraction begins in the part irritated, and 
then extends to the rest. It appears, however, from Mr. Paget’s experi- 
ments, f that it is necessary for the propagation of this irritation, that 
the parts should be connected by muscular tissue, of which a very narrow 
isthmus wiU suffice ; and that the propagation wiU not take place, if the 
connecting isthmus be composed of tendon, even though this be a portion 
of the auriculo- ventricular ring, which has been supposed by some to be 
peculiarly efficacious in this conduction. Like the contractility of these 
muscles, that of the Heart can only be continuously sustained by a supply 
of arterial blood to its own tissue. This is shown not only by the serious 
effects produced by disease of the coronary arteries, but also by the 
experiments of ErichsenJ and Schiff;§ the former of whom foimd that liga- 
ture of the coronary arteries rapidly produced cessation of the movements 
of the heart, especially if* the cardiac veins were also opened ; whilst the 
latter obtained a local paralysis of either ventricle, according as the artery 
distributed to the one or the other was tied. The contractility of the 
Heart is much less speedily lost in cold-blooded animals than in warm- 
blooded ; the heart of the Frog, for instance, will continue to pulsate for as 
many as 12 hoius after its removal from the body, particularly if kept in 
an atmosphere of Oxygen, though it ceases in a few minutes if immersed 
in Carbonic acid gas.|| It has further been shown by Mr. Tod, that 
the irritability of the heart is of great duration after death in very young 
animals ; which, as was long since demonstrated by Dr. Edwards, agree 
with the cold-blooded Vertebrata in their power of sustaining life for a 
lengthened period without oxygen. 

215. It is difficult to account for the long continuance of the alternate 
contractions and relaxations of the muscular parietes of the Heart, after 
aU evident stimuli have ceased to act upon it ; and many theories have 
been offered on the subject, none of which afford an adequate explanation.^ 

* See “Princ. of Comp. Phys.,” chap. v. 

+ “ Brit, and For. Med. Review,” vol. xxi. p. 551. 

$ **Lond. Med. Gaz.,” 1842, toI. ii. p. 561. 

§ ** Archiv f. Phys. fcilk.,” tom. ix. 

II Castell, “Muller’s Archiv,” 1854, p. 226. 

% In the previous editions of this work it was suggested that the rhythmical move- 
ments of the Heart might he accounted for by regarding them as an expression of the 
peculiar vital endowments of its muscular tissue, and that as the ordinary muscles of 
the body may, under certain conditions, be conceived to contract spontaneously in con- 
sequence of being ch*i*ged with motility or motor force engendered by previous acts of 
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The extraordinary tendency to rhythmical action, by which the heart is 
distinguished from nearly all other muscles, is ^own by the fact, that 
not only do the entire hearts of cold-blooded or of hibernating animals 
contmue to act long after their removal from the body, but even separated 
portions of them will contract and relax with great regularity for a long 
time.* Thus the auricles will persist in their rhythmical action, when 
cut-off above the auriculo- ventricular rings ; and the apex of the heart 
will do the same, when separated from the rest of the ventricle. There 
is strong reason for believing that the contact of the blood itself with tlie 
lining membrane of the Heart is, as Haller maintained, the ordinary sti- 
mulus inciting it to contract. That the inner surfaces of the cavities of 
the Heart are provided with sensory nerves, is incidentally shown by an 
experiment of Bernard, in which the contact of the bulb of a thermo- 
meter with the interior of the ventricles immediately increased the number 
of pulsations. SchiffJ and Budge§ have, moreover, shown that the action 
of both auricles and ventricles rapidly ceases if‘ they are placed on blotting 
paper ; but that they may be called into action again, either by immersing 
them in blood, or by dropping a little blood into their cavities. And an 
ingenious experiment was made by Haller himself, showing that if 
arrangements are made by which either the right or left side of the Heart 
remains filled with blood, whilst the other can discharge its contents and 
remains empty, that side which is stimulated by the presence of the blood 
continues to beat rhythmically long after the movement of the other has 
ceased. Wlien tho irritability of the heart is nearly exhausted, the 
usual rhythm is often a good deal disturbed, so that the contractions of 
the auricles and ventricles do not regularly alternate with each other ; 
and one set frequently ceases before the other. 

216. In regard to the influence of the Nervous system upon the Heart, 
there is abundant evidence to show that its movements may be power- 
fully affected by causes acting either upon the Cerebro-spinal or upon 

nutrition, so the rhythmical movements of the heart might be due to a simple excess of 
this motility, continually supplied by the nutritive operations, and as constantly dis- 
charging itself in contractile action. This view was supported by a reference to cases 
of muscular action where no nerves are apparent, as in the embryonic Heart at an early 
period, and the hearts of the lower animals (the Tunicata for instance), and to cases of 
local cramp and spasm which it was believed could not be fairly attributed to a perverted 
reflex action of the nervous system. M. Browu-Sequard, again, has attributed the inter- 
mittent action of the Heart and other muscles to the presence of venous blood in their 
capillaries, which he believes to exert a stimulant action on muscular fibre. (See 
“Experimental Research, &c.,” 1853, p. 114; “Comptes Rendus,” 1867; and “Journal 
de la Physiol.,” 1858, p. 95 et scq.) I)r. Radcliffe, on the other hand, has adduced 
evidence to the effect that the true stimulus to the contraction of the Uterus, Heart, and 
other rhythmically acting organs, as well as indeed of all muscular tissue, is the absence 
of oxygenated or arterial blood (“Epilepsy,” 3rd edit., p. 20 et aej.) ; whilst Mr, 
Paget has endeavoured to explain the phenomena by referring them to an intermission 
in the processes of nutrition (“Croonian Lecture,” 1857). None of these theories, 
however, appear to afford a sufficient explanation of all the facts, and the essential cause 
of the rhythmical action of the Heart must still remain an unsolved question. 

* Reid, indeed, was of opinion (“Cyc. of Anat. and Physiology,” vol. ii. p. 611), 
that the rhythmical action of the heart in the frog could continue in the absence of any 
physical stimulus, for he observed contractions taking place even in vacuo ; but his 
experiments have been repeated on several occasions with different results, the pulsations 
ceasing on the withdrawal of the air, and commencing again when it was readmitted. 

+ “ Lemons sur les Liquides de I’Organisrae,” 1859, p. 124. 

t “ Vierordt’s Archiv,” 1850, p. 84. § “Archiv f. Phys. H6ilk,,” 1846, p, 661. 
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the Sympathetic system ; and whilst, upon the one hand, the energy and 
force of its contractions may be augmented by stimuli applied to these 
centres, it appears to be well ascertained that the Pneumogastric nerves, 
originating in the Medulla oblongata, may be the means of conveying an 
influence of a precisely contrary nature, serving to inhibit, restrain, or 
regulate the Cardiac movements. The fact that the Heart will continue 
to beat after its removal from the body, or after the gradual removal of 
the whole Cerebro-spinal axis, especially if the flow of blood through 
the Lungs be kept up by artificial respiration,* as well as the existence of 
anencephalic monsters which possess a regularly-pulsating heart, clearly 
show that this organ is not exclusively or essentially dependent upon 
the central nervous system for the continuance of its rhythmical 
action. Its movements under these circumstances must be regarded as 
automatic, and governed by the Sympathetic ganglia distributed through 
its substance. On the other hand, the well-known effects of mental 
emotions and of sudden and severe injuries of either the Sympathetic or 
Cerebro-spinal system upon the Heart’s action, and the observation of 
V. Bezold that section or paralysis of the cervical portion of the Spinal 
Cord occasions a marked diminution of the frequency and force of the 
cardiac pulsations, whilst stimulation of the lower cut surface effects a 
corresponding increase, prove with equal certainty that its action may be 
influenced through nervous fibres in connection with those centres. In 
reference to the influence of the Pneumogastrics upon the Heart, the 
experiments of MM. Weber, Budge, Schiff, and others, f have shown 
that its movements may be immediately arrested by the transmission of 
an interrupted current of electricity through one or both of these Nerves. 
Now in the case of any voluntary muscle, the passage of such a current 
through the nerves supplying it produces a state of tonic contraction or 
tetanus ; but in the case of the Heart the effect produced is, on the con- 
trary, that of complete relaxation. The cessation in diastole of the 
rhythmical action is not, however, of long duration ; contraction soon 
recommences, notwithstanding the continued application of the electrical 
stimulus ; though it can again bo arrested by passing the interrupted 
current through a fresh portion of the nerve, situated lower down or 
nearer to the Heart. Moreover, it has been observed that after section 
of the Pneumogastrics, the frequency and force of the Heart’s action are 
manifestly increased, as shown by the increased pressure of the Blood in 
the arteries. The following theory, suggested by A. v. Bezold, J will serve 
to hold these various facts in connection, and will at the same time give 
an outline of the laborious investigations which have recently been made 
by him on this subject. The movements of the Heart, according to 
this observer, appear to be influenced by three systems of Nerves. One 
of these is seated in the Heart itself, and is represented by the ganglionic 
nervous apparatus distributed through its substance ; under the automatic 
and rhythmical action of which, even when the Heart has been removed 
from the body, a relatively considerable number of feeble pulsations can 

* See the Experiments of Dr. Wilson Philip, “Experimental Inquiry,” &c. p. 56. 

t See Weber in “ Archives d’Anat. G6n. et de Physiol.,” Jan. 1846, and “ Wagner’s 
Handwbrterbuch,” baud iii. 2, p. 31 ; Budge in “ Archiv f. Phys. Heilkunde,” 1846, 
V. p. 319 ; and Schiff in his “Physiologic,” 1859, p. 417 et aeq, 

X See his “ Untersuchungen Uber die Innervation des Herzens,” Leipzig, 1863. 
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be performed. The cause of the Rhythm is perhaps attributable to con- 
tinuous excitations originating in the Cardiac ganglia, which, meeting 
with continuous resistances in the Cardiac nerves, only periodically — that 
is to say, after overcoming such opposition — act on the muscular tissue. 
To this local nervous centre two distinct sets of fibres pass, connecting 
the heart with the central nervous masses. One of these sets reaches the 
Heart partly through the cervical and partly through the thoracic and 
lumbar portions of the great Sympathetic cord. The latter fibres origi- 
nate in the Medulla oblongata, and descending through the cervical and 
to some extent through the dorsal and lumbar portions of the Spinal cord, 
emerge at many difterent points to unite with the Sympathetic nerve. 
The function of all these fibres consists in conveying an exciting or 
stimulant influence from the Medulla to the Heart, when that centre is 
from any cause roused to action. As often as this occurs, the resistance 
normally present in the Cardiac nerves is more frequently overcome, and 
the Heart consequently beats more vigorously and with greater rapidity. — 
The second set of fibres, on the other hand, when incited to action, 
increase the resistance ordinarily present in the Heart, and run in the 
Pneumogastric nerve, also originating, in all probability, from the 
Medulla oblongata. When strongly excited they can increase the amount 
of resistance to so great an extent, that it becomes superior to the com- 
bined influences of the excitory system of the Medulla oblongata, and of 
the motor system seated in the Heart itself. After a short interval, 
however, the resistance diminishes, and the successive discharges of the 
automatic centres can then reach the heart, though after somewhat longer 
pauses. Both kinds of nervous system, the excitory and the inhibitory, 
are in connection with tlic Sensorium, and may be coetaneously excited 
by Psychical agency.* There is also reason to believe that the depressing 
effects of shock may be exerted no less directly through the Sympathetic 
than through the Cerebro-spinal system ; and that considerable disturb- 
ance may ensue from lesions of such parts of it (at least) as are most 
nearly connected with the heart. For the well-known fact of sudden 
death not unfrequcntly resulting from a blow on the epigastric region, 
especially after a full meal, without any perceptible lesion of the viscera, 
seems to indicate that a violent impression upon the widely-spread coeliac 
plexus of Sympathetic nerves (which will be much more extensively 

♦ In some interesting experiments made with Woorara, v. Bezold found that in 
the first instance this poison paralyses the inhibitory, then the excitory, and ulti- 
mately the automatic nervous centres, though before paralysing the last two it ap- 
pears to increase their functional activity. A very different view of the relation of the 
Pneumogastrics to the Cardiac movements is held by Schiff (see his ** Physiologic, ’ 1859, 
pp. 187 and 417), Moleschott (“Journal de la Physiologic, ” 1862, p. 124), and others. 
These observers regard the Pneumogastrics as the only, or at least as by far the most 
important motor nerves of the Heart, whose conductivity, however, is exhausted with 
extraordinary facility, the nerves being in fact killed by the application of all except the 
very feeblest currents of electricity, whilst these, if applied with due precaution, effect 
an CLUffTfientati on in the cardiac movements. Schiff admits that he is unable to explain 
upon this theory the cause of the increased activity of the Heart after section of both 
Pneumogastrics. M, Brown-S6quard attributes the cessation of the Heart’s action on 
irritation of the Pneumogastrics to a sudden contraction of the minute vessels of the 
Heart, produced by the excitation of the vasomotor nerves, which he believes to be con- 
tained in the Pneumogastric trunks : but this effect can be produced in the Frog, and 
according to Hyrtl, there are no vessels in the substance of the heart of that animal 1 
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communicated to them when the stomach is full, than when it is empty), 
may cause the immediate cessation of the Heart’s action, in the same 
manner as a severe injury of the Brain or Spinal Cord. And a case has 
been put on record, in which the heart’s pulsations were occasionally 
checked for an interval of from 4 to 6 beats, its cessation of action giving 
rise to the most fearful sensations of anxiety, and to acute pain passing 
up to the head from both sides of the chest, — these symptoms being con- 
nected, as appeared on a post-mortem examination, with the pressure of 
an enlarged bronchial gland upon the great cardiac nerve.* 

217. When the Heart is exposed in a living animal, and its movements 
are attentively watched, they are seen to follow each other with great 
regularity. In an active and vigorous state of the circulation, however, 
they are so linked together, that it is not easy to distinguish them into 
periods; both Auricles contracting, and also dilating, simultaneously; 
and both Ventricles doing the same. The systole or contraction of the 
Ventricles corresponds with the projection of blood into the arteries ; 
whilst the diastole or dilatation of the Ventricles coincides with the 
collapse of the arteries. The contraction of the Ventricles, and that of 
the Auricles, alternate with one another; each taking place (for the 
most part, at least,) during the dilatation of the other. The entire 
period that intervenes between one pulsation and another, is nearly 
equally divided between the systole and diastole of the Ventricles, but 
the division is very unequal as regards the Auricles ; scarcely more than 
one-eighth of the whole being occupied in their contraction, and the 
remainder being taken-uj) by their dilatation. The following tabular 
view will perhaps make the relations of the several parts of this series 
more intelligible : — 


Auricles. 
n J Dilatation. 

® ( Continued Dilatation. 
4 Contraction. 


Ventricles. 

Contraction, } 

First stage of Dilatation. ) . 
Second stage of Dilatation. ) ^ 


“ When the Auricle is about to inject the Ventricle, the latter is empty 
and contracted, with its distal or ventriculo-arterial valves firmly shut 
down by the pressure of the blood upon their upper surfaces. Imme- 
diately upon the contraction of the Auricle, its contained blood passes 
into (distending and lengthening) the Ventricle ; and the force which it 
transmits not being sufficient to overcome the arterial pressure and 
weight of blood upon the upper or arterial surface of the semilunar valves, 
is expended in distending the Ventricle and closing the auriculo- ventricular 
valve, which then forms one of the walls of the Ventricle. To this suc- 
ceeds the ventricular contraction : the auriculo-ventricular valve being 
already closed, now becomes tense, the pressure in the ventricle over- 
comes that in the artery, and the semilunar valves are raised.” f During 
their contraction the form of the Ventricles undergoes a very marked 


^ “Muller’s Archiv,” 1841, heft iii.; and “ Brit, and For. Med. Rev.,” Oct. 1841. — 
It may be surmised that in many cases of anyina pectoris, in which no lesion adequate 
to account for death could be discovered, some affection of the cardiac plexus might 
have been traced on more careful examination. 

•j* See the instructive papers by Dr. Halford, now Prof, of Physiology at the Univ. 
of Melbourne, “ On the Times and Manner of the Closure of the Auriculo* Ventricular 
Valves,” and “On the Movements and Sounds of the Heart,” Loud., 1861. 
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change, the apex of the Heart being drawn np tow-ards its base, and its 
whole shape becoming much more globular. Contrary to what might be 
expected, however, the apex, and not the base, is the part which undergoes 
least change of position during the systole of the Ventricles, and this appears 
to be due to the circumstance that the upward movement of the apex 
effected by the shortening of the Ventricles during contraction, is neutra- 
lized by the descent of the whole heart occasioned by the elastic recoil of 
the great vessels springing from the base. Indeed, there is a slight over- 
compensation, the apex being actually pressed downwards, and its extre- 
mity directed backwards and from right to 
left. When the Ventricles contract they are 44 

clearly seen to descend, whilst the pericar- 
dial portions of the aorta and pulmonary 
artery become suddenly greatly elongated 
and distended — The irnpuUe is felt over 
every patt of the Ventricles during their 
contraction, but most forcibly over their 
centre The impulse against the ribs is most 
probably given by the fibres just above the 
apex The recent experiments of MM 
Chauveau and Marcy,* with a peculiar form 
of S])hygmOgraph in which levers of ex- Tracing obtained by the Sphyprmograph 
treme lightness register the undidations of Chauveau and Marcy 

the air contained in elastic sacs applied to 

the surface of the Heart and Thorax, show immediately precedes the more 

, , . , , A 1 energetic and protracted contraction 01 

clearly the sequence and duration of the the Vcntrides, represented by the line 
movements of the Auricles and Ventricles, lieIJ'uobVcmSnt 
and the coincidence of the impvhe with the cuiar contraction 
contraction of the Ventricles (Fig 44) 

218 The course of the circulating fluid through the Heart, and the 
action of its diffeient valves, will now be briefly described — The Venous 
blood, which is returned by the ascending and descending Vena Cava, 
enters the light Auricle during its diastole, on the contraction of which it 
IS propelled through the tricuspid valves into the Ventricle, which thus 
becomes completely distended The reflux of blood into the veins during 
the auricular systole, is impeded by the contraction of their own walls, 
and IS hmited on the right side by the valves placed at the junction of 
the jugular and subclavian veins , but these valves are so formed as not 
to close accurately, especially when the tubes are distended ; so that a 
small amount of reflux usually takes place, and this is much increased 
when there is any obstruction to the pulmonary circulation. Whilst the 
right Ventricle is contracting upon the blood that has entered it, the 
carnem columneej which contract simultaneously with its proper walls, put 
the cliordcB tendinece upon the stretch, preventing the flaps of the Tricuspid 
valve from being driven back into the auricular cavity. The blood is 
now expelled by the ventricular systole into the Pulmonary artery, which 
it distends, passing freely through its Semilunar valves ; but as soon as 
the VIS a tergo ceases, and reflux might take place by the elastic recoil of 
the arterial walls, the valves are filled out by the backward tendency of 

* Annal des Scien. Nat 4th scr Zool , tom. xyii. p. 374, and de la Soc. 

de Biol.,’* S6r lu tom 111 pt 11 1862, p 1. 
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the blood, and completely check the return of any portion of it into the 
ventricle. The blood, after having circulated through the lungs, returns 
as Arterial blood, by the Pulmonary Veins, to the left Auricle ; whence 
it passes through the Mitral valve into the left Ventricle, and thence into 
the Aorta through its Semilunar valves, — in the same manner with that 
on the other side, as just described. 

219. There are, however, some important differences in the structure 
and functional actions of the two divisions of the Heart, which should 
be here adverted-to. — The walls of the left Ventricle are considerably 
thicker than those of the right ; and its force of contraction is much 
greater. The following are the comparative results of M. Bizot’s measure- 
ments,* taking the average of Males from 16 to 79 years : — 

Base. Middle. Apex. 

Left Ventricle . . .44 lines lines 8| lines. 

Right Ventricle . . Iff lines If hnes lines. 

In the Female, the average thickness is somewhat less. It will be seen 
that the point of greatest thickness in the left Ventricle is near its 
middle ; while in the rights it is nearer the base. The thickness of the 
former goes-on increasing during all periods of life, from youth to ad- 
vanced age; whilst that of the latter is nearly stationary. During 
pregnancy there is an hypertrophy of the left Ventricle to the extent of 
l-4th or even l-3rd of the original thickness of its walls. f The left 
Auricle is somewhat thicker than the right ; the average thickness of the 
former being, according to Bouillaud, a line and a half ; whilst that of 
the latter is only a line. In regard to the relative capacities of the right 
and left cavities, much difference of opinion has prevailed. The right 
Auricle is generally allowed to be somewhat more capacious than the 
left; and the same is commonly taught of the right Ventricle. So much 
fallacy may arise, however, from the peculiar condition of the animal at 
the moment of death, that this is not easily proved, and is indeed by no 
means certain. — The average capacity of the cavities may be estimated, 
in the full-sized Heart, at about four to five ounces. — There is a well- 
known anatomical difference between the auriculo-ventricular valves on 
the two sides, which has given rise to the diversity of name ; and this 
seems, from the researches of Mr. King,J to be connected with an im- 
portant functional difference. The Mitral valve closes much more per- 
fectly than the Tricuspid ; and the latter is so constructed as to allow of 
considerable reflux, when the cavities are greatly distended. Many 
occasional causes tend to produce an accumulation of blood in the venous 
system, and in the right side of the Heart ; thus, any obstruction to the 
pulmonary circulation, cold, compression of the venous system by mus- 
cular action, &c., are known to favour such a condition. This is a state 
of peculiar danger, from a liability which over-distension of the Ventri- 
cular cavity has, to produce a state of muscular paralysis ; and in the 
structure of the Heart itself, there seems *to be a provision against it. 
For, when the ventricle is thus distended, the Tricuspid valves do not 
close properly ; and a reflux of blood is permitted, not only into the 
Auricle, but ^so (through the imperfect closure of their valves under the 

* ** M6m. de la Soc. M6dic. d’Observation de Paris,” tom. i. 

+ Larcher, ‘^Comptes Rendus;” Henle and Meissner, 1867, p. 467. 

i ** Guy’s Hospital Reports,” vol. ii. 
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same circumstances) into the large veins. This is proved by the fact, 
several times observed by Dr. J. Reid in his experiments upon Asphyxia, 
&c., that when the action of the right ventricle had ceased from over- 
distension, he could frequently re-excite it, not merely by pimcturing its 
walls, but by making an opening in the jugular vein.* This fact 
evidently affords an indication of great importance in the treatment of 
Asphyxia ; and it explains the reflux of blood, or venous pulse^ which 
is frequently observed in cases of pulmonary disease, and which, accord- 
ing to Mr. King, always exists even in health, though in a less striking 
degree. 

220. When the ear is applied over the cardiac region, during the 
natural movements of the Heart, two successive sounds arc heard, each 
pair of which corresponds with one pulsation ; there is also an interval 
of silence between each recurrence, and the sound that immediately 
follows this interval is known as the first sound, the other as the second, 
— The first sound is dull and prolonged ; it is evidently synchronous 
with the impulse of the Heart against the parietes of the chest, and also 
with the pulse, as felt near the heart ; it must, therefore, be produced 
during the Ventricular Systole. — The second sound, which is short and 
sharp, f follows so immediately upon the conclusion of the first, that it 
cannot take place during the auricular systole as some have supposed, 
but must be assigned to the first stage of the ventricular diastole, when 
the auricles also are dilating. — With regard to the relative duration of 
the Uvo sounds, and of the interval, widely different estimates have been 
formed. Thus Laennec considered the lengths of the periods of sound 
and silence to be respectively 3-4 ths and l-4th of the whole interval 
between one pulse and another ; by Dr. Williams, and by Barth and 
Roger, the relative lengths of these periods have been estimated at 2-3rds 
and l-3rd; whilst the recent experiments ofVolkmannJ (made by ad- 
justing two pendulums to vibrate precisely in the two periods) indicate 
that they are almost precisely equal. 

221. The causes of these Sounds, and more especially of the first, have 
been the subjects of much discussion. A number of very distinct actions 
are taking-place during the period of the production of the latter ; and 
each of these has been separately fixed-on as competent to produce it. 
Thus we have (1) the impulse of the heart against the parietes of the 
chest; (2) the contraction of the muscular walls of the ventricles; (3) 
the rush of blood through the narrowed orifices of the aorta and pul- 
monary artery ; (4) the general molecular collision of the particles of the 
blood amongst each other, and their friction against the walls of the ven- 
tricles ; (5) the sudden collision of the stream of blood issuing from the 
ventricles with the column of blood at rest on the semilunar valves of 
the aorta and pulmonary artery ; and (G)the sudden tension of the valves 
of the auriculo-ventricular orifices. An experiment made by Dr. Halford 
permits the first two of the above-mentioned causes to be at once dis- 
missed. A large dog was chloroformed, and the heart being exposed, 
its movements were maintained by artificial respiration. In this state, 

* ‘'Physiol, Anatom., and Pathol. Researches,” chap. iii. 

t The difference between these two sounds is well expressed (as Dr. C. J. B. Williams 
has remarked) by articulating the syllables lubb, dftp. 

“ Die Hamodynamik, nach Versuchen,” p. 864. 
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the sounds being plainly audible, the superior and inferior ven© cavse, 
and the pulmonary veins were suddenly compressed, so that the current 
of blood into both ventricles was arrested ; “ the heart continuing its 
action, a stethoscope was again applied, when neither first nor second 
sound was heard ; after a short space of time the veins were allowed to 
pour their contents into both sides of the heart, and both sounds were 
instantly reproduced. The veins being again compressed, all sound was 
extinguished, notwithstanding that the heart contracted vigorously.” In 
regard to the third, fourth, and fifth causes, it has been well remarked,* that 
as regards the third, there is no abrupt contraction of the passages through 
which the blood flows from ventricles to vessels ; and it may be added, 
that there would be no sound if there were ; sound being only produced 
at that point in a vessel conveying a stream of fluid, when a sudden 
enlargement occurs. In regard to the fourth cause, it is a sufficient 
answer to this view, that during other periods of the heart’s rhythm, 
such collision produces no sound as in the passage of the blood from the 
auricles to the ventricles ; and in reference to the fifth cause, which has 
been ably advocated by Dr. Leared, it appears from Dr. Halford’s expe- 
riments, that at the moment when the systole of the ventricle is about to 
take place, the active and passive columns of blood, or those below and 
upon the semilunar valves, are not separated by cany space ; that there is 
no propulsion of the blood from a distance against the passive column, 
but that when the ventricles contract, the fluid pushes open the valves 
and communicates its force to the column in the vessels, a circumstance 
which does not appear likely to be accompanied by much if any sound. 
We are, therefore, reduced to the single cause of the sudden tension of 
the auriculo-ventricular valves ; and this there appears every reason to 
believe, as has long been held by Dr. Billing f and Dr. Halford, to be the 
essential cause of the first sound. At the same time it must be admitted 
that very high authorities have adduced strong evidence in favour of the 
second and third of the above-mentioned causes; and that these, conse- 
quently, may aid in its production. 

222. That the secoiid soimd is produced in the act of closure of the 
Semilunar valves, is now almost universally admitted ; the simple hook- 
ing-back one of these valves by a curved needle against the side of the 
artery, so as to permit a reflux of blood into the ventricle, being sufficient 
to suppress this soimd altogether. Wliether it proceeds from the tension 
of the valves themselves, or from the recoil of the blood against them, or 
from both causes combined, has not been clearly determined ; probably 
the last is the true accoimt of it. — ^When the first sound is altered by dis- 
ease of the semilunar valves, occasioning obstruction to the exit of blood, 
the second sound also is affected in its character ; and if the disease be of 
such a kind as to prevent these valves from effectually closing, a reflux of 
blood takes place into the ventricle at the time of its diastole, causing a 
rushing sound that is analogous to the ordinary first sound, or to some of 
its modifications. Thus the second sound may come to acquire so com- 
pletely the character of the first, that it is difficult to distinguish the two 
in any other way, than by the synchronousness of the first with the 
heart’s stroke and with the pulse in the arteries. J 

* By a writer in the Med.-Chir. Eev.,” April, 1860, p. 864. 

+ ** Principles of Medicine.” 

On the subject of the Sounds of the Heart, the various treatises on Auscultation and 
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223. There seems adequate reason to believe that the whole, or very 
nearly the whole, of the blood contained in the Ventricles, is discharged 
from them at each systole ; for the left ventricle is very frequently found 
quite empty after death ; and if a transverse section be made through the 
heart, when in a state of well-marked rigor mortis (which may be con- 
sidered as representing its ordinary state of complete contraction), the ven- 
tricular cavity is found to be entirely obliterated.* The total quantity 
discharged from either ventricle of the Human heart at each systole, is 
estimated by Valentin at 5*3 oz., by Volkmann at 6*2 oz., and by Vierordt 
.at 6-3 oz. ; but these amounts are deduced from calculation of the (sup- 
posed) total of the blood, divided by the estimated duration of its passage 
through the heart, rather than from actual admeasurement. The time 
occupied by the Blood in making an entire circuit of the body was 
attempted to be ascertained by Hering,*|’ by introducing prussiate of potass 
into one part of the system, and drawing blood from another. He states 
that he detected this salt in blood drawn from one of the jugular veins of 
the Horse in about 30 seconds after it had been introduced into the other ; 
in which brief space the blood must have been received by the heart, 
have been transmitted through the lungs, have returned to the heart 
again, have been sent through the carotid artery, and have traverse^d its 
capillaries. These experiments have been fully confirmed by those of 
Poisseuille,J and of Mr. Blake, § who found that a solution of nitrate of 
baryta injected into the jugular vein of a horse appeared in the blood of 
the carotid artery of the opposite side after an interval of 15 seconds. 
The same inquiry has been pursued, with improved means, by Vierordt. (| 
This observer affixed a number of small cups to a drum which was made 
to rotate at a certain velocity in front of the opened vein ; analyses of the 
contents of the several vessels enabled him to ascertain with great accuracy 
the moment at which the salt injected made its appearance. In this way 
he determined the number of seconds occupied by the blood in perform- 
ing one entire revolution to be, in Squirrels 4*39, in Cats 6*69, in the 
Hedgehog 7*61, in Rabbits 7*79, in the Dog 16-7, in the Cock 5*17, in 
the Duck 10'64, and in the Goose 10*8G. He estimates the period in Man 
at 23*1 seconds (during which there are 28 beats of the heart), of which 
2 seconds at most are occupied in traversing the larger arteries, 2^ to 3 
seconds in passing through the smaller arteries, 3 seconds for the capillaries, 
and 4 or 5 seconds for the venous system, which numbers must be multi- 
plied by 2 for the two circulations. Moreover, the coincidence between 
the cessation of the Heart’s action, and the diffusion of the salt through 
the arterial blood, bear a striking correspondence ; and it may be hence 
inferred, that the arrestment of its muscular movement is due to the effect 
of this agent upon its tissue, when immediately operating upon it, through 
the capillaries of the coronary artery. — This conclusion is borne-out 

on Diseases of the Heart, by Williams, Blakiston, Hughes, Walshe, Davies, Bellingham, 
Stokes, Skoda, Barth and Roger, Weber, and others, may be advantageously consulted ; 
see also the account of Hamemjk’s investigations in the **Edin. Monthly Journal,*’ 
Jan., 1849 ; and those of Kiwisch in the **Brit. and For. Med.-Chir. Rev.,** April, 
1852. 

* Kirkes and Paget’s Handbook of Physiology,” 2nd edit., p. 80. 

“ Tiedemann’s Zeitschrift,” vol. iii. p. 85. 

X ** Annal. des Sciences Nat.,’* 1843, Zool. t. xix. p. 82. 

§ ** Edin. Med. and Surg. Journal,** Oct., 1841. 

U See his ** Physiologic des Menschen,” 1861, p. 111. 
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by a variety of other experiments; which show that the time of the agency of 
other poisons that suddenly check the heart’s action (which is the especial 
property of mineral poisons), nearly coincides, in different animals, with 
that which is required to convey them into the arterial capillaries. And 
it seems to derive full confirmation from the fact, that poisons which act 
locally on other parts, give the first indications of their operation in the 
same period after they have been introduced into the venous circulation. 
Thus, in the Horse, the time that is required for the blood to pass from 
the jugular vein into the capillary terminations of the coronary arteries, is 
16 seconds, as is shown by the power of nitrate of potass to arrest the 
heart’s action within that time ; and nitrate of strychnia, injected into a 
vein, gave the first manifestation of its action on the Spinal Cord in pre- 
cisely the same number of seconds. In the Dog, the heart’s action was 
arrested by the nitrate of potass in 11 or 12 seconds; and the tetanic 
convulsions occasioned by strychnia also commenced in 12 seconds. In 
the Fowl, the former period was 6 seconds, and the latter 6 J ; in the 
Rabbit, the first was 4, and the other 4^ seconds. — From such experiments, 
it seems evident that the rapidity of the Circulation is underrated, in any 
estimate that we found upon the capacity of the Heart, and its number of 
pulsations in a given time ; and it is difficult to see how the two sets of 
facts are to be reconciled. According to Hering, the rapidity of the 
circulation diminishes with age ; and Vierordt has shown that with 
increased frequency of the heart’s action, there is in general an increased 
rapidity of the circulation, at least in the higher Vertebrata. Still it by 
no means follows that an increase in the frequency of the heart’s action in 
a particular animal should be always accompanied by an increased rapidity 
in the current of the circulation ; in point of fact, the experiments of 
Hering ♦ show that, in the Dog and Horse, when inflammatory or febrile 
conditions, such as Pericarditis, were set up, a much longer period is occu- 
pied in the passage of the blood than before. 

224. The number of contractions of the Heart in a given time is liable 
to great variation, within the limits of ordinary health, from several causes ; 
the chief of these are diversities of Age, of Sex, of Stature, of Muscular 
exertion, of the condition of the Mind, of the state of the Digestive 
system, and of the Period of the day. 

a. Putting aside the other causes of uncertainty, the following table 
may be regarded as an approximation to the average frequency of the 
Pulse, at the several Ages specified in it, taking equal numbers of Males 
and Females. 


In the foetus in utero 
Newly-bom infant 
During the 1st year 
During the 2nd year 
During the 3rd year 


BBAIS PER MINUTE. 

140 _ 150 
130 — 140 
115 — 130 
100 — 116 
95 — 105 


BEATS PER MINUTE. 

From the 7th to the 14th year . 80 — 90 

From the 14th to the 21st year 75 — 85 
From the 21st to the 60th year 70 — 75 
Old age t 76 — 80 


h. The difference caused by Sex appears from the inquiries of Dr. 


* Archiv f. Phys. Heilk.,” 1853, t. xii. p. 183. 

f The rise in the average frequency of the pulse in very advanced life, contrary to the 
prevalent notion, has been determined by the observations ofLeuret and Mitivie (“Dela 
Frequence des Fouls chez les Ali6ues’’), Dr. Pennock (“Amer. Journ. of Med, Sci.,” 
July, 1847), and Prof. Volkmann (Op. cit., p. 427). 
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Guy,* to be such, that tlie pulse of the adult Female is more frequent 
than the pulse of the adult Male, at the same mean age, by from 10 to 14 
beats in a minute. 

c. The influence of Stature is affirmed by Volkmann to be tolerably well 
defined.^ The pulse being ccpteris paribus less frequent as the stature is 
greater; so that if the pulse of a man of 5^ feet high were 70 per minute, 
that of a man of 6 feet would be 66*7, and that of a man of 5 feet, 73*8. 

d. Tlie effect of Muscular Exertion in raising the pulse is well known ; 
as is also the fact, which is one exemplification of it, that the jmlse varies 
considerably with the posture of the body. Tlie amount of this variation 
has been made the subj ect of extensive inquiry by Dr. Guy ; and the 
following are his results. In 100 healthy Males, of the mean age of 27 
years, in a state of rest, the difference between standing and sitting was 
10 beats, or about l-8th of the whole number of beats per minute; the 
difference between sitting and lying was 5 beats, or l-13th of the whole ; 
and the difference between standing and lying was 15 beats, or l-5th of 
the whole. In 50 healthy Females of the same mean age, the difference 
between standing and sitting was 7 beats, or 1-1 3th of the whole ; that 
between sitting and lying was 4, or 1-2 1th of the whole ; and that between 
standing and lying was 11, or l-8th of the whole. Dr. Ed. Smith has 
made similar and very extended observations on Adults in Phthii^is and 
on Children in health ; and conjoined with them the influence of period of 
the day. He found in Phthisis, at 8 a.m., the increase, on assuming the 
sitting and standing postures, was in each case 10 pulsations per minute, 
but at 4 p.M. it was reduced to 7, and on the whole average there was an 
increase of 8J pulsations in each posture. In healthy Children, at 8 a.m., 
12 (noon), 5 p.m., and 8 p.m., the increase in the sitting posture was 
12 : 9 : 7*3 : 3*5 pulsations, whilst in the standing posture it was 27 : 14*6 : 
12:10 pulsations per minute: results which seemed to show that the 
irritability of the Heart, augmented by the rest and quiescence of sleep, 
undergoes a gradual diminution through the day. In both sexes, the 
effect produced by change of posture increases with the usual frequency 
of the pulse, whilst the exceptions to the general rule are more numerous, 
as the pulse is less frequent. The variation is temporarily increased by 
the muscular effort, involved in the absolute change of the posture ; and 
it is only by the use of a revolving board, by which the position of the 
body can be altered, without any exertion on the part of the subject of 
the observation, that correct results can be obtained. That the difference 
between standing and sitting should be greater than that between sitting 
and lying, is just what we should expect, when we compare the amount 
of muscular effort required in the maintenance of the two former positions 
respectively. It is stated by Lichtenfels and Frbhlich that the alternate 
contraction and relaxation of any set of muscles has a much greater effect 
than their simple tonic contraction in increasing the action of the heart. J 

* '‘Guy’s Hospital Reports,” vol. iii. p. 812 ; and “Cyclop, of Anat. and Physiol.,** 
vol. iv., Art. ‘Pulse.* 

+ With his usual zeal for formula/rizationy Volkmann expresses this ratio, as deduced 
from a large number of observations, by the ratio p .pi — h'^ ; (p being the rate of the 
pulse, and h the height of the body) ; or, in other words, the ratio is that of the ninth 
root of the fifth power of the height. — Surely this is riding a hobby to the death. 

J “Denk. d. kais. Akad. d. Wissens. zu Wien,” 1852, t. iii. pt. ii. p. 149. 
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e. The pulse is well known to be much accelerated by Mental Excite- 
ment^ especially by that of the Emotions; it is also quicker during 
Digestion. The ingestion of warm food produces this effect much more 
quickly than cold; and according to Budge,* whilst animal food raises 
the frequency of the pulse more quickly than vegetable, the effect of 
the latter is much greater and more permanent. Lichtenfels and 
Frdhlich found that, an hour and a half after breakfast, the pulse was 18 
beats per minute quicker than before, whilst there was only an in- 
crease of 9 beats an hour after dinner. The pulse was less frequent 
in vegetarians, however, than in those who fed on animal diet, and 
was probably less energetic. The ingestion of large quantities of 
water diminished the frequency of the pulse (Bocker). Dr. Ed. Smith 
ascertained the rate at each hour of the 24 hours for 3 days successively 
in health, and for six days in Phthisis. He found that it was never 
stationary, but that there was a progressive increase after a meal and 
decrease before a meal, so that there were four maxima and four minima 
daily. The maxima occurred about two hours after a meal, and were 
the greatest after breakfast and after tea. The day minima immediately 
preceded the meals, and all were nearly equal. The pulse invariably fell 
after 9 p.m., so that supper produced but little effect ; and the lowest 
point of the 24 hours was from 3 to 5 a.m. There was an increase in 
the morning with sunlight. The difference between the maximum of 
the day and the minimum of the night amounted in health to from 14 to 
34 pulsations, and in Phthisis to from 22 to 45 pulsations. The increase 
from that of the night to the breakfast maximum was, on the average, 27 
pulsations in phthisis. There was a considerable increase in children 
whilst eating. During a fast of 24 hours the variation in the rate was 
small, but there was an increase during the usual meal hours and an in- 
crease at night. 

f. The pulse varies also with the Season, and Dr. Ed. Smith has 
shown by daily experiments throughout the year, that the rate of pulsa- 
tion is greater in the Spring and Summer than in the Winter, both in health 
and Phthisis. In experiments made upon Frogs, Budgef and Calliburces 
found that immersion of the excised Heart or of the hind legs in warm 
water increased the frequency of the pulse ; the same result was obtained 
after section of the Crural Nerves, or after poisoning by Woorara, showing 
that it was not effected through the nervous system. 

g. Variations in the pressure of the surrounding atmosphere exert 
a certain, but not very well ascertained influence on the frequency 
of the Pulse. Alpine travellers are well acquainted with the in- 
creased rapidity of the Pulse which occurs on attaining great 
heights: but this is probably in great measure attributable to the 
great muscular exertion previously made. Salvatore Tommasi, how- 
ever, observed an increase of 8 in the number of his pulsations, after 
a good night’s rest in the Alpi di Susa, at an elevation of between 7000 
and 8000 feet.J Pravaz§ observed diminution in the frequency of the 
pulse when the subject was placed in an atmosphere three or four times 

* “Physiologic,” 1861, p. 275. f Ibid., p. 272. 

$ Fisiologia,” 1861, p. 244. 

j “ Essai sur i*Eraploi M^ical tie PAir Comprira^,” 1850. 
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more dense than the air. Vivenot* also observed this effect ; he noticed 
also that the number of Respirations and the quantity of perspiration 
diminished, whilst the Urine was increased. Bucquoy, on the other 
handjf in an extensive series of observations, made in a diving-bell, in 
which he remained from two to three hours at a time, found his pulse 
uniformly quicker under a pressure of from two to three atmospheres, 
the effect being most marked at first. Thus, at the commencement it 
was 22 beats faster per min. than in the open air. After 15 min. it was 
1 3 beats, and after two hours 7 beats. J — Perhaps the widest generaliza- 
tion that can be applied to these various facts in relation to the 
frequency of the Heart’s action is that given by Marey, who concludes 
that the beats of the Heart are proportionately more frequent as the 
obstacles which have to be overcome by the contraction of the Ventricles 
are less. This is at least in accordance with what we know of the action 
of the voluntary muscles, in which the frequency of contraction certainly 
bears a direct relation to the diminution of the resistance. On this prin- 
ciple we may explain the results of the well-known experiment of Weber, 
who, on making a full expiration and then holding his breath, found his 
pulse rapidly diminish in force and frequency, and on one occasion sud- 
denly stop ; for here, by the pressure exerted by the walls of the Chest 
on the Heart and Lungs, a great obstiicle is raised to the passage of the 
blood ; § and a similar explanation may be given of the effects produced 
by cold shower-baths, observed by Bence Jones and Dickenson, || in which 
the j)iilse fell to only 50 in the minute, and subsequently became feeble, 
intermittent, and even imperceptible. In these experiments the cause of 
the diminished frequency of the pulse was, no doubt, the great obstacle to 
the flow of blood produced by the contraction and increased tension of 
the vessels throughout the body. On the other hand, we may attribute 
the acceleration which occurs after food, or after violent exertion, or from 
mental emotion, and that which is constant in the young, to the increased 
how of blood talking place in all these cases to the heart, acting upon it 
as a stimulus.^ 

3. Movement of the Blood in the Arteries. 

225. The Blood propelled from the Heart is distributed to the body in 

♦ ‘‘ Virchow’s Archiv,” 1860, xix. p. 492. t Canstatt, 1861, p. 109. 

X Longet, p. 811, vol. i. 

j Milne-Edwards, “Le 9 ons sur la Physiologic,” vol. iv., 1869, p. 88, 

II Brown-S^quard, Journal de la Phys.,” 1858, p. 72. 

^ The channel through which certain poisons affect the Heart is still undetermined. 
Thus Dybkonsky, Pelikan, and Kolliker found that the poisons of the Upas Antiar, of the 
Tanghinia venenifera, of Digitalis, and probably also Sulphocyanide of potassium, act as 
direct paralysers of the muscular fibres of the heart, producing the same effects after as 
before section of the Pneumogastriesand destruction of the Medulla oblongata (^‘M^moires 
de la Soc. de Biologie,” Ser. iii. tom. iii. p. 2). On the other hand, Traube (“Canstatt’s 
Jahresbericht,” 1853) found that whilst injection of an infusion of digitalis into the 
veins of a dog diminished the frequency of the cardiac contractions from 128 to 82 per 
minute, no such result ensued when the Pneumogastrics were previously divided. And 
Bernard observed, that whilst nicotine introduced into a wound increased the rapidity 
of the pulse from 115 to 332 per minute, no effects were produced if the Pneumogastrics 
were first divided. The influence of smoking has been investigated by Dr. Ed. Smith 
(“Lancet,” March 14, 1863, p. 293), with the result that it soon accelerates the 
cardiac pulsations ; the increase in one instance, between the 13th and 20th minute of 
smoking, being as much as 314 pulsations per minute. 
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general by a system of Arteries, which may be likened in its arrangement 
to the trunk and branches of a tree, except that very frequent communi- 
cations or anastomoses exist among these branches, so that, by continual 
subdivision and inosculation, their distribution comes more and more to 
resemble the capillary network in which they terminate (Fig. 45). 

Fio. 45. 



Web of Frog* 8 foot, etretching between two toep, maj?nified 3 diameters • showing the blood- 
Tesscls, and tbeir anastomoses i — a, a, veins ; h, h, b, arteries. 


Although the diameters of the branches, at each subdivision, together 
exceed that of the trunk, yet there is but little difference in their respec- 
tive ai'eas. What difference does exist, however, is usually in favour of 
the branches ; and thus it happens that there is a gradual increase in the 
capacity of the arterial system from its centre towards the capillaries, 
whose capacity is many times greater. — The Arteries exert a most 
important influence upon the movement of blood through them, in virtue 
of the physical and vital properties of their walls, or rather of their 
middle or fibrous coat, which alone is possessed of contractile properties. 
We find in this coat a layer of yellow Elastic tissue, which is much 
thicker in the larger arteries, in proportion to their size, than in the 
smaller. On the inside of this is a layer of annular fibres, composed of 
Muscular fibre-cells, mingled with areolar tissue the muscular element, 
however, is much more abundant in the smaller arteries, than in the 
larger. To the former tissue is due the simple elasticity of the arterial 
walls, which is a physical property that persists after death, until a serious 
change takes place in their composition ; whilst to the latter we are to 
attribute the property which they unquestionably possess (in common 
with proper muscular tissue), of contracting on the application of a 
stimulus, so long as their vitality remains. These two endowments arf 3 

* See Prof. Kolliker’s ‘‘Manual of Human Histology” (Sydenham Society’s edi t.), 
vol. ii. p. 291. 
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possessed in various degrees, proportional to the respective predominance 
of the elastic or of the muscular tissue, bj the different parts of the 
Arterial system. Thus, as was justly remarked by Hunter, the elasticity ^ 
being the property by which the interrupted force of the Heart is made 
equable and continuous, is most seen in the large vessels more imme- 
diately connected with that organ ; whilst on the other hand, the contrac-- 
tility is most observable in the smaller vessels, where it is more required 
for regulating the flow of blood towards particular organs. 

226. The Arteries possess a distinct power of contraction, which may 
be called into play either by the direct application of a stimulus to their 
walls, or by irritation of the Vaso-motor nerves supplying them. This 
contractile power is derived from their middle or muscular coat ; and it 
is of course in the smaller arteries that the evidence of its presence should 
be sought ; and this may be readily obtained by observing the effects of 
various stimuli, mechanical, chemical, or electrical, upon the vessels of a 
transparent membrane, such as the bat’s wing or the frog’s foot. Thus 
if, whilst we watch the movement of blood in a companion artery and 
vein, we draw the point of a fine needle across them three or four times, 
without ai)parently injuring them or the membrane over them, they will 
both presently contract and close ; then, after remaining for a few minutes 
in the contracted state, they will begin again to dilate, and will gradually 
increase in diameter until they acquire a larger size than before the 
stimulus was apjdied. Wlien in this condition, they will not again con- 
tract on the same stimulus as before ; the needle may now be drawn 
across them much ofrencr and more forcibly, but no contraction ensues, 
or only a trivial one which is quickly followed by dilatfition ; with a 
stronger stimulus, however, such as that of great heat, they will again 
contract and close, and such contraction may last more than a day, before 
the vessels again open and permit the flow of blood through them.* — 
The comparative effects of chemical and other stimuli have been espe- 
cially studied by Mr. Wharton Jones, ‘|' by whom they are thus classified. 
(1). Constriction may slowly take place, and be slowly succeeded by the 
normal width ; this is the action of the sulphate of atropia. (2). Con- 
striction may quickly take j)lace, and be soon succeeded by the*normal 
width, or a width not much exceeding the normal ; this is the result of 
the moderate application of cold, and of mechanical and galvanic irritation. 
(8). Constriction either does not take place at all, or when it does, it 
very rapidly gives place to great dilatation ; this is the effect of a weak 
solution of sulphate of copper, of a strong solution of common salt, of 
wine, of opium, and of spirit of wine. (4). Dilatation, preceded or not 
by momentary constriction, may slowly yield to constriction, which 
remains permanent ; this is the effect of sulphate of copper, applied in 
strong solution, or in substance. — The electric stimulus is most effectual 

* See Mr. Paget’s “ Lectures on Surgical Pathology,” vol. L pp. 802, 303. — As Mr, 
Paget justly remarks, it is from the mechanical stimulus of the knife, that small divided 
vessels contract and close, so as speedily to cease bleeding ; but this contraction lasts 
only for a time ; and hsemorrhage would commence on their dilatation, if their mouths 
were not sealed by coagula of blood or lymph. When secondary hsemorrhage does occur 
from want of such coagulation, it is most effectually controlled by the application of 
such stimuli as, like the actual cautery, induce a more prolonged contraction of the 
vessels. 

t ‘ Prize Essay on Inflammation,’ in Guy’s Hospital Keports” for 1850, pp. 8, 9. 
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when applied by the magneto-galvanic apparatus ; and the effects of such 
application have been investigated by the Professors Weber.* When 
the minute arteries of the mesentery of frogs, between l-7th and l-17th 
of a Paris line in diameter, were thus stimulated, they did not imme- 
diately respond to the irritation, but began to contract af^r a few seconds, 
so that their diameter, in from five to ten seconds, was diminished by a 
third, and their sectional area consequently reduced to about half; by a 
continued application of the stimulus, their calibre was so much reduced, 
that only a single row of corpuscles could pass ; and at last the vessels 
became completely closed, and the current of blood arrested, the original 
conditions being gradually restored on the cessation of the electric cur- 
rent. — Further, it has been ascertained by the careful experiments of 
Poisseuille (which confirm those of John Hunter), that when an artery is 
dilated by fluid injected into it, it reacts with a force superior to the 
distending impulse ; and he has also shown that, if a portion of an artery 
from an animal recently dead (in which the vital contractility seems to be 
preserved), and one from an animal that has been dead some days (in 
which nothing but the elasticity remains), be distended with an equal 
force, the former becomes much more contracted than the latter, after the 
distending force is removed. 

227. Although the walls of the Arteries cannot be readily stimulated 
to contraction through the medium of their nerves, yet the influence of 
the Nervous system upon the calibre of the vessels, which might be 
inferred to exist from the act of blushing and other analogous phenomena, 
is capable of experimental demonstration. Thus evidence has been afforded 
by the experiments of Dr. Aug. Waller, that whilst section or ligature 
of the Sympathetic trunk on either side of the neck produces an enlarge- 
ment of the minute arteries on that side of the face (as is best seen in 
the lining of the external ear of the cat or rabbit), accompanied with an 
elevation of temperature, the application of galvanism to the nerve for a 
minute or less, causes them to contract to their ordinary calibre, j* The 
branches of nerves which are thus distributed upon the vessels are termed 
Vaso-motor nerves, and though they appear to be chiefly derived from 
the Sympathetic system, it seems probable that some vessels are supplied 
by fibres proceeding from cerebro-spinal nerves and nervous centres. 
Thus Budge and Waller J have shown that irritation of the spinal cord 
between the second and third cervical vertebrse, occasions a still more 
powerful contraction of the vessels of the ear than irritation of the Sym- 
pathetic itself: an effect which is probably due to an influence conveyed 
by the great auricular nerve. Budge§ also found that excision of one half 
of the Spinal Cord between the fifth cervical and the second dorsal vertebrae 
produced the same effects on the vessels of the head and neck as section 
of the Sympathetic. Valentin, Schiff, and others, again, have shown that 
section of the fifth nerve is followed by paralysis and dilatation of the 
sn^all vessels of the conjunctiva and pituitary membrane ; whilst Schiff 
has observed a similar dilatation of the vessels ramifying on the under 

* Archiv,” 1847. 

+ See ^‘Comptes Rendus,” 1853, tom. xxxvi. p. 378. — Of this remarkable experi- 
ment, which first demonstrated the influence of the Sympathetic Nerve upon the smaller 
arteries, the Author, by the kindness of Dr. Waller, has himself been a witness. 

J Ibid. § Physiol.,” 18G1, p. 289. 
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side of the tongue to follow section of the Hypoglossals, the effect being 
still more marked when the linguals were also divided.* The Vaso-motor 
nerves are capable of being called into action by direct mechanical 
irritationf and also by reflex action. CallenfelsJ, for instance, has noticed 
contractions of vessels of one ear of a rabbit occur when the opposite ear was 
pinched ; and Brown- S4quard§ observed that on immersion of one hand 
in cold water, the temperature of the other uniformly fell, in one instance as 
much as 21° F.: a result which may perhaps serve to explain the effects of 
the application of cold in controlling haemorrhage when applied to some 
distant part of the body. The pennanent enlargement, however, which 
is seen in the arteries supplying parts that are in a state of active increase, 
must be due, not to simple dilatation merely, but to augmented nutri- 
tion ; since we find that their walls are thickened as well as extended. 
And, on the other side, when slow contraction occurs in these tubes as a 
consequence of disease, it must be in part occasioned by atrophy ; since 
their nutrition is so much diminished, that in time they almost entirely 
disappear, — a portion of a large artery shrivelling into a ligamentous band. 

228. Several experiments also indicate the existence of that power of 
slow contraction in the arteries, which has been distinguished by the 
appellation Tonicity. Thus, when a ligature is ])laced upon an artery in 
a living animal, tlie part of the artery beyond the ligature becomes 
gradually smaller, and is emptied to a certain degree, if not completely, 
of the blood it contained. Again, when part of an artery in a living 
animal is isolated by means of two ligatures, and is punctured, the blood 
issues from the orifice, and the inclosed portion of the artery is almost 
completely emptied of its contents. Further, every Surgeon knows, that 
the contraction of divided arteries is an efficient means of the arrest of 
haemorrhage from them, especially when they are of* small calibre ; so 
that, in the case of the temporal artery for example, the complete divi- 
sion of the tube is often the readiest means of checking the flow of blood 
from it, when it has been once wounded. This contraction is much 
greater than could be accounted-for by the simple elasticity of the tissue; 
and is more decided in small than in large vessels. The empty condition 
of the arteries, generally found within a short time after death, seems to 
be in part due to the same cause ; since their calibre is usually much 
diminished, and is sometimes completely obliterated. A remarkable 
example of the same slow contraction, is that which takes place in the 
end of the upper portion of an arterial trunk, when the passage of blood 
through it is interrupted by a ligature ; for the current of blood then 
passes-off by the nearest large lateral branch ; and the tube of the artery 
shrivels, and soon becomes impervious, from the point at which the 
ligature is applied, back to the origin of that branch. This last fact is 
important, as proving how little influence the vis a tergo possesses over 
the calibre of arterial tubes ; since, without any interruption to the pres- 
sure ol* blood occasioned by it, the tube becomes impervious. It is to the 
moderate action of the tonicity of arteries, that their contraction upon the 
stream of blood passing through them (which serves to keep the tubes 

♦ “Archivf. Phys. Heilk.,” 1863, p. 377. 

+ See Marey, “ Annal. des Sci. Nat.,” 1858, t. ix. p. 68. 

X Zeits. f. Rat. Med.,” 1856, band vii. p. 191. 

§ “ Journ. de la Physiol.,” 1858, p. 604. 
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always fiill) is due. If the tonicity be excessive, the pulse is hard and 
wiry ; but if it be deficient, the pulse is very compressible, though bound- 
ing, and the flow of blood through the arteries is retarded. Dr. C. J. B. 
Williams has performed some ingenious experiments (§ 253), which prove 
that the force required to propel fluid through a tube whose sides are 
yielding, is very much greater than that which will carry it through a 
tube of even smaller size with rigid parietes; consequently a loss of 
tonicity in the blood-vessels retards the flow of blood through them ; 
whilst an increase hastens it. — There is much less difference between the 
Irritability and the Tonicity of arteries, than between the like properties 
in ordinary muscle ; since the former is so long in manifesting itseff, 
that it almost approaches to the character of the latter. But in the 
Arteries, as in other muscles, the tonic contraction may be most efficiently 
induced by cold. Thus Hunter observed that the exposure of an artery 
of a warm-blooded animal to the air for some time, would occasion its 
gradual contraction to such an extent as to effect the obliteration of its 
canal. This statement has been verified by many subsequent experi- 
menters ; and it has also been confirmed by the observations of Schwann 
upon the small arteries of the mesentery of frogs, which he caused to 
contract slowly by the application of cold water, and then saw dilate 
again ; as much as half an hour being required, however, before they 
recovered their original size. On the other hand, the application of’ 
moderate warmth causes a relaxation of this tonic contraction. — And 
thus Cold and Heat are two of our most valuable remedial agents, when 
the Tonicity of the Vascular system is deficient or in excess. 

229. We have now to inquire more closely into the influence exerted 
by the vital and physical properties of the walls of the Arteries, upon the 
motion of Blood through them. There is no sufficient proof that the 
vital Contractility of these vessels enables them to exert a propulsive 
action in any degree supplementary to that of the Heart ; and yet, 
looking to the general facts already stated, as to the diffusion of the 
propulsive power through the arterial trunks in many of tlie lower 
animals (§ 213), their experimentally -proved reaction upon a distending 
force (§ 226), and to the circumstance that a kind of rhythmical action 
has been observed by Wharton Jones in the vessels of the Bat, and by 
Schiflf in those of the ear of the Kabbit, it does not seem by any means 
improbable that some such power should be preserved, even where there 
is the greatest concentration of the propulsive force in the muscular walls 
of the heart. The contractility of the arteries seems to be chiefly exer- 
cised, however, in regulating the diameter of the tubes in accordance with 
the quantity of blood to be conducted through them to any part, which 
wiU depend upon its peculiar circumstances at the time. Such local 
changes are continually to be observed in the various phases of normal 
life as well as in disease ; and they will be found to be constantly in 
harmony with the particular condition of the processes of nutrition, secre- 
tion, &c., to which the capillary circulation ministers. 

230. The chief purpose served by the Elasticity of the Arteries, is one 
of a purely physical character ; its effect being to convert the intermitting 
impulses which the blood receives from the heart, into a continuous 
current. The former are very evident in the larger trunks ; but they 
diminish with the subdivision of these, until they entirely disappear in 
the capillaries, in which the stream is usually equable or nearly so. If 
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a powerful force-pump were made to inject water, by successive strokes, 
into a system of tubes with unyielding walls, the flow of fluid at the 
farther extremities of these tubes would be as much interrupted as its 
entrance into them. But if an air-vessel (like that of a fire-engine) were 
placed at their commencement, the flow would be in a great degree 
equalized ; since a part of the force of each stroke would be spent upon 
the compression of the air included in it ; and this force would be restored 
by the elasticity of the air during the interval, which would propel the 
stream, until directly renewed by the next impulse. A much closer 
imitation of the natural apparatus would be afforded by a pipe which 
had elastic walls of its own ; thus if water were forced by a syringe into 
a long tube of caoutchouc, for example, the stream would be equalized 
before it had proceeded far. This efect is found to be accomplished, at 
any point of the Arterial circulation, in a degree proportionate to its 
distance from the Heart ; and in this mode it is, that the intermitting 
force of the ventricular contraction is almost equably distributed over 
the whole of the interval between one systole and another, by the con- 
traction of the elastic tubes in the dilatation of which it was at first 
expended. — Another effect of this elasticity is to distribute the pressure 
of the blood upon the walls of the arteries, much more equally than 
would be the case if they formed a system of rigid tubes. 

231. The distension of the Arteries that is consequent upon the inter- 
mittent injection of blood into their trunks, and the subsequent contrac- 
tion which results from the elasticity of their walls, give rise to the 
pulsation which is perceptible to the touch in all but the smallest arteries, 
and which is visi])le to the eye when they are exposed. This pulsation 
involves an augmentation of the capacity of that portion of the artery in 
which it is observed ; and it would seem to the touch, as if this were 
chiefiy effected by an increase of diameter. It has been experimentally 
proved, however, that the increased capacity is partly given by the 
elongation of the artery,* which is lifted from its bed at each pulsation, 
and, when previously straight, becomes curved ; the impression made 
upon the finger by such disj)lacement, not being distinguishable from that 
which would result from the dilatation of the tube in diameter. A very 
obvious example of this upheaval is seen in the prominent temporal 
artery of an old person. The total increase of capacity was estimated 
by Flour ens, from experiments upon the carotid artery, at about 
l-23rd part; but it is affirmed by Volkmannf that this must not 
be considered by any means a constant ratio, since it varies in difibrent 
arteries, and in the same artery under different circumstances. — The 
fluctuations of the Pulse in the living body without exposure of the 

♦ The experiments of Volkmann Hamodynamik”) have led him to believe, that the 
transverse dilatation is greater than the longitudinal ; but these experiments were made 
under conditions so ditferent from those of the living artery, that but little weight can, 
in the Author’s opinion, be attached to them. It is to be remembered, however, that 
every increase in length augments the capacity in only a simple ratio ; thus a tube of 
21 inches in length will only contain one- twentieth more than a tube of 20 inches long, 
of the same diameter. On the other hand, every increase in diameter augments the 
capacity of the tube in the ratio of the square of that increase ; thus the capacity of a 
tube of 21 lines in diameter will be to that of a tube of 20 lines, as 441 : 400, or one- 
tenth more. Consequently, supposing the increase of capacity to take place equally 
in both directions, the increase in longitudinal dimension will be fax more apparent 
than the transverse enlargement. 

t Op. cit., chap, xiv. 
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Artery can be rendered apparent by the use of an instrument invented 
by Vierordt, and termed by him the Sphygmograph. It is represented 
in Fig. 46, and consists of a light lever a by capable of being accurately 
adjusted by sand or mercury in the cups p r ; from the lower surface of 
the lever a little rod descends, terminating in a button p, which is allowed 
to rest with gentle pressure on tlie artery n. Its tracings are made by 
the style o, on the revolving drum Sy and the verticality of the movement 

Fig. 46. 



The Sphygmograph of Vierordt. 


is secured by the parallelogram n n m m. One of the tracings obtained 
by this instrument is shown in Fig. 47, in which it will be seen that the 
upstroke indicating the momentary increase of tension in the vessel con- 
sequent upon the systole of the heart, is of equal duration with the down- 
stroke representing the diastole. According to M. Marey, the vis inertia 

Fig. 47. 



of this instrument is too great, and the periods of systole and diastole are 
not accurately indicated. To obviate this defect, he has himself con- 
structed an instrument in which the lever is much lighter. Its general 
arrangement is shown in Fig. 48, where the part b b is applied to the 
forearm, whilst the pressure on the artery is effected by a very light steel 
spring, terminating in a small plate of ivory capable of elevation or de- 
pression by the screw v. The long arm of the wooden lever l termi- 
nates in a fine point touching the plate of smoked glass P, which is made 
to move gradually forwards by clockwork in the box H. The immediate 
descent of the lever after its elevation is accomplished by the very debcate 
spring at R.* The tracings made by this instrument show that tmder 
ordinary circumstances the period of ascent or of increase in the tension 
of the arterial walls is rapid; whilst the period of decrease, during which 
the elasticity of the larger arteries is acting, is comparatively slow and 
prolonged. It is perfectly obvious that the fulness of the pulse, or in 
other words the amplitude of the pulsation, is in inverse ratio to 
the tension of the walls of the vessel ; whilst the hardness of the pulse is 

♦ Mach has recently made an improvement in the construction of the spring and 
lever. ** Sitzungsbericht d. k. Akad. zu Wien,*’ 1863, p. 5b. 
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indicative of arterial tension, and may be produced either by the heart 
acting with great force and injecting more blood than the arteries can 
discharge through the capillaries, or by the contraction of the capillaries 
themselves preventing the escape of the blood from the arteries into the 
veins. M. Marey has clearly shown how these two conditions of the 



arterial system may be induced by acting upon the capillaries alone, and 
either facilifciting the passage of the blood through them, or, on the con- 
trary, rendering it more difficult. Tims the tracing obtained by his 
Sphygmograph, after exposure to a cold bath of one minute’s duration, is 
shown in Eig. 49. It is that of a hard pulse, in which there is consider- 

Fio. 49. 


able tension of the arterial walls ; for the contraction of the cutaneous 
capillaries constitutes an obstacle to the passage of the blood from the 
arteries. The line of ascension is accordingly sudden and short, the limit 
of the elasticity of the vessel being soon reached, and the summit of the 
curve is rounded; whilst the line of descent is protracted and gradual, the 
resiliency of the vessel being only capable of reacting slowly on the con- 
tained blood, and there is no tendency to dichrotism. On the other 
hand, Fig. 50 shows the effects of a hot-air bath, and presents the cha- 

Fig. 50. 


racters of a soft full pulse ; a pulse of deficient tension, in which the 
greater boldness of the curves, their sharper summits, and the marked 
tendency to dichrotism, may particularly be noticed; as well as the 
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increased frequency of the heart’s action, corresponding tP the diminished 
exertion which it has to make in propelling the column of blood through 
the small vessels. A very simple instrument, combining a manometer 
with a lever and registering apparatus, has been suggested by Naumann;^ 
and the following tracing, allowing curves analogous to those obtained by 

M. Marey, was obtained from it 
in a healthy person. In this 
the line of ascent appears un- 
broken, whilst that of descent is 
interrupted by a slight wave of 
ascent. The former, represent- 
ing the duration of the systole, 
only occupies one-third of the 
time between two beats ; the 
remaining two-thirds representing the diastole. 

232. The cause of the interruption in the line of descent, or the 
dichrotism of the normal pulse, has excited much attention, and several 
explanations of it have been given. It will be requisite in the first place, 
however, to consider the nature of the Pulse itself. It was held by Weber, 
that as with each systole of the Heart the tension of the great vessels near 
the Heart is increased, the recoil of those vessels propagates a wave of 
tension through the arteries towards the periphery. The passage of the 
wave was considered by Weber to be distinct from the propulsion of 
the fluid ; but Volkmannf endeavoured to show that they are one and 
the same. It seemed also to be proved that a certain time was re- 
quired for the transmission of this pulse- wave from the heart to the peri- 
phery of the circulation, since there was a want of synchronism between 
the ventricular systole and the pulsation of the arteries in various parts 
of the body, which was indeed measured and stated to be about one-sixth 
to one-seventh of a second. This theory was invalidated by an observa- 
tion made by Mr. Colt,J that the pulse was perceptible in every part of 
the arterial system before the second sound of the Heart ; that is, before 
the closure of the aortic valves ; whereas, if the propagation of the wave 
were due to the recoil of the successive portions of the larger vessels, the 
second sound^ of the Heart should constantly precede the pulse, since the 
first effect of the recoil would be the closure of the aortic valves. Marey 
has investigated this subject closely, and defines the Pulse to be an effect 
(perceptible to the touch) of inequality in the tension of the blood con- 
tained in an artery. He believes that the contraction of the Heart, which 
injects a certain quantity of blood into the arteries, is felt instantly 
throughout the whole arterial system, though it attains its maximum 
earlier in the vessels near the heart, than in those which are more distant, 
thus giving rise to an apparent retardation of the pulse in the latter. 
He observes, that if we imagine an artery to be divided into successive 

Fig. 62. 


Fio. 51. 




* Rente and Meissner’s Zeits. f. Rat. Med.,” band xviii p. 194. 
f Op. cit., chap. X. t “Med. Oaz.,” 1845. 
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segments a, b, c, d (Fig. 52), the portion of blood injected by each 
cardiac systole enters the first (a) with a force which might be repre- 
sented by 8 ; here it meets a resistance in the liquid column, which 
already occupies it, and to advance will find in the friction an obstacle 
amounting, according to the laws of physics, to the square of its velocity ; 
so that the greater the rapidity of the wave, the greater will be its difficulty 
in advancing ; but the v alls of the tube are capable of yielding, and they 
dilate in proportion to the resistance offered. The initial force of the 
wave is thus decomposed into two parts, one represented by 4, employed 
in dilating the first segment of the vessel, and the remainder employed in 
the propulsion of tlie column of blood into the next segment, when the 
same decomposition of force is again repeated, and so on, till at the end 
of a certiiin length of vessel the direct impulsion will be reduced to an 
infinitely small quantity. The pressure or tension rapidly attains its 
maximum in the parts near the impelling organ, because these are exposed 
to the full force of the impulse ; whilst the more distant portions of the 
vessel attain their maximum of tension more slowly, because the direct 
impulse is here at first extremely small, and only gradually rises to its 
full intensity, owing to the gradual restoration by successive acts of recoil 
of the force which has been spent in dilating the proximal portions of 
the vessel.* — This explanation of the mode in which the Pulse is pro- 
duced is fully sustained by the following ingenious experiment devised by 
M. Marey. A small caoutchouc bag (Fig. 53, b) is filled with valves 
which permit the contained fluid to move only in the direction of the 
arrows, and is connected with a long elastic tube forming a rude resem- 
blance to the Heart and Arteries. At three different points of its length 
the tube is placed under the control of a Sphygmograph, the levers of 
which, I Z", register their movements on the drum c in such a manner 

Fia. 53. 



that their tracings may be exactly parallel and comparable with one 
another. Fig. 54 shows such a triple tracing after the india-rubber bag 

* For some strictures on this view, see the Memoir of M. Buisson, ‘‘Comptes Rendus 
de laSoc. de Biologie,” S6r. iii. t iii, 1862, pt. 1, p. 16. — The value of Marey’s Sphygmo- 
graph in the diagnosis of aneurism is well shown in the records of some cases in the 
‘‘Comptes Reudus de la Soc. de Biologie” for 1860* 
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has been for a few times rhythmically compressed. It is here evident, 
in the first place, that the commencement of the pnlsation, or of the 
increase of tension in the vascular wall, is the same throughout the whole 
54 ^ length of the tube, as 

shown by the vertical 
dotted line ; though 
the period at which 
the maximum or 
highest point is at- 
tained is latest in that 
portion of the tube ( 3 ) 
most distant from the 
impelling organ, as is 
indicated by the di- 
rection of the ob- 
lique dotted line ; and thus it happens that the finger placed upon 
it, taking cognizance of the maximum alone, would attribute to it a 
real retardation, whereas in truth there' is only an apparent retarda- 
tion of the impulse propagated through the fluid. Again, it may be 
noticed that the force of the impulse, or the extent of the vertical 
movement of the lever, diminishes with increase of distance from 
the impelling organ, producing the effect which Poisseuille described 
as “ extinction of the wave.” 

233, In now returning to the subject of the dichrotous character of the 
normal pulse, the three chief theories which have been held regarding it 
may here be iDriefly mentioned: — 1. That founded on the observations of 
Volkmann, that when a fluid is driven through an elastic tube by inter- 
mitting impulses, two systems of waves arise, one of these being in the 
fluid, the other in the walls of the vessels, the want of synchronism be- 
tween which occasions the dichrotous pulse. 2. The view supported by 
Marey, that the blood injected into the aorta, coursing with rapidity 
through that vessel, occasions the first pulsation in all the arteries given 
off from it, but reaching the Iliac region, it meets with a sudden obstacle 
in the diminished area of the Iliac Arteries as compared with the Aorta, 
and a reboimd occurs which produces an augmentation of the tension in 
the initial portion of the aorta, and a new pulsation, analogous to the echo 
of a sound, is conveyed into all the arteries which proceed from this part. 
This explanation agrees with the observation of Beau, that in the di- 
chrotous pulse the beat is single in the femoral artery, though it may be 
double in the radial and in all the branches taking origin from the arch 
of the Aorta.* 3. Lastly, Naumann’s explanation, tliat it results from 
the impact of the blood against the suddenly closed aortic valves, which, 
like the sudden stoppage of water flowing through a tap, propagates a 
jarring impulse through the whole system. According to this view, the 
dichrotous wave has a central, and not, as Marey supposes, a peripheric 
origin ; and he adduces the fact in accordance with his view, that it 
tmiformly diminishes in intensity, in proportion to the distance from the 
heart. 

234. Since the blood, like other fluids, is almost completely incom- 
pressible, all force applied to it becomes perceptible by movement, or if 



See Longet’s “ Physiologie,” p. 833. 
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that be prevented, lateral pressiire exerted against the sides of the 
vessels. The circumstances that chiefly affect the movement or velocity 
of the blood, independently of variations in the amount of the propelling 
force, are those which increase or diminish the friction between it and 
the vascular walls. Thus it will be retarded by diminution of the 
diameter of the tubes,* or, as was observed by Hunter, by curves, angles, 
or divisions in their course,t or by their rigidity, J or by increased 
viscidity in the blood itself ; or lastly, by augmentation of its attraction 
for the tissues, or for the walls of the vessels through which it 
is coursing. These constitute the obstacles or resistance to the passage 
of the blood ; and with their increase, if the impelling force remain 
tlie same, whilst the velocity of its movement is retarded, the amount of 
lateral pressure exerted is increased. The effects of diminished resistance 
in diminishing pressure may be understood from a consideration of Fig. 55. 
For here the height to 

which the fluid will rise Fig. 55. 

in the small tubes num- 
bered 1 — 6, is the ex- 
jjression of the pressure 
of the liquid against the 
walls of the tube roc 
at different j^oints. If 
the fluid wore sta- 
tionary, from the clo- 
sure of the orifice c, it 
would, according to a 
well-known law, rise 
to the siime height in all ; but when a discharge is allowed to take place 
from c, a gradual diminution of pressure, indicated by the diagonal line 
R c, may be observed as the outlet is approached. Now, if the bore 

* Thus Poisseuille (“Mem. de I’Acad, des Sciences Sav. t. ix. p. 513 et Sfq.) 

found that the amount of fluid discharged by small tubes increases, cietcris paribus, in 
proportion to the diameters of these tubes raised to the fourth power ; so that a tube of 
Yo^iytli mm. ill diameter will discharge 16 times more fluid in a given time, than one of 
Y-^^th mm. in diameter. The following facts are worthy of recollection in connection 
with the physics of the circulation : — 

The circumference of a cylindrical tube - the radius x 6 ’28. 

The sectional area of ditto = the square of the radius x 3*14. 

The amount of discharge from ditto — the sectional area x the velocity of the 

current. 

And lastly, the velocity of the current = the discharge by the sectional area. 
(See Vierordt, “Phys.” 1861, p. 88.) 

t So Budge (“Physiologie,” 1862, p. 309) found that a simple tube (a) would deliver 
more fluid ina given time than a bifldone(5), thesectioual areas of whose arms were together 
equal to a, and the bifid tube more than a trifid one (c) in the proportion of (a) 8860 : 
(a) 3400 : (c) 3100, the pressure being equal in all three cases. 

X Thus Marey has shown that whilst elastic and rigid tubes of equal diameters will 
discharge an equal quantity of fluid as long as the stream is continuous, the moment the 
stream becomes intermittent an advantage is gained by the elastic tubes, apparently 
owing to the diminution of friction in the latter, and the conversion of the jetting move- 
ment of the fluid into a more continuous, uniform, and steady flow; and herein perhaps 
we may perceive an explanation of the hypertrophy of the Heart, so frequently observed 
as a concomitant of a rigid aorta in old age. See “ Annal. des Sci. Nat. : Zool.,” 1867, 
t. viii. p. 330 ; and Marey’s “ Thdse Inaugurale,” 1869. 

R 
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of tlae tube be contracted at any part, as from* o to c, an obstacle 
to the discharge of the fluid will be created, through the increase 
of friction ; the pressure against the walls of the preceding portion of 
the tube r to o will increase, and consequently the line of levels 
will rise in that part, as indicated by the dotted line Vih c. If, on the 
other hand, the outlet be enlarged, the fluid will be discharged more 
easily, and the line of levels wiU fall with great rapidity. Upon these 

principles M. Marey* 
Fig* Sd. has constructed an ap- 



paratus bearing some 
resemblance to the dif- 
ferent systems of vessels 
in the body, a constricted 
portion at o represent- 
ing the Capillaries,f and 
being preceded by a 
wider portion for the 
Arteries, and followed 
by a still wider one for 
the Veins. By this in- 
strument it may be 
shown physically, that 
the pressure is highest 
in the Arterial vessels, 
whilst it rapidly dimi- 
nishes in the Capillaries, 
and is lowest in the 
Veins. J These facts, at 
least as regards the dif- 
ference in the pressure in 
the arterial and venous 
systems, were clearly 
perceived by Hales, 
and have been sub- 
stantiated by Bernard 
with the differential 
Manometer, Fig. 56 ; 
the two mouthpieces of 
which, e e, being inserted 
into arteries at the same 
distance from the Heart, 
as the two Carotids or 
the two Crurals, the level 
of the mercury on the 


Differential Manometer of Bernard. § 


indicating equality of 


* Brown-Sequard’s '^Journal de la Physiol.,” toI. ii. p. 436 . 

t The capillaries of the body, though in their aggregate sectional area much larger 
than the aorta, yet by reason of their smallness, and the consequent great increase of 
friction against their walls, operate virtually as such a constricted portion. 

t In the living body the pressure rises again in the veins, as their collective calibre is 
much less than that of the capillaries, though greater than that of the arteries. 

§ Bernard, vol. i. p. 206, 1859. 
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pressure; whilst if otie be placed in a more distant artery or into 
a vein, the mercury constantly rises on that side, thus showing a 
diminution of pressure or tension. If the contracted or Capillary por- 
tion of Marey’s apparatus (Fig. 55) be enlarged, the fluid will pass 
through it with less resistance, and the pressure in the Arterial portion 
will diminish, and vice versd. This has actually been observed by 
Bernard in the living subject: for on placing the mouthpieces of his 
differential manometer into the two facial arteries of a horse, the mercury 
stood at the same level in each arm of the instrument; but on division of 
one of the cervical sympathetic nerves, the mercury instantly rose on that 
side, indicating a diminution in the tension of the vessel. Now it has been 
ascertained that section of the Sympathetic causes a dilatation of the 
Capillary vessels, and therefore facilitates the passage of the blood through 
them ; and the counterproof is shown by galvanizing the cut extremity of 
the Sympathetic, which inducing contraction of the Capillaries, increases 
the resistance to the passage of the blood from the Arteries, and augments 
the tension of their walls, as is indicated by the gradual falling of the 
mercury on the galvanized side, till the pressure there may even exceed 
that of the healthy one. 

235. The absolute pressure of the blood in the living vessels has 
engaged the attention of many observers. Hales* endeavoured to ascer- 
tain it by inserting long pipes into the vessels of living animals, and 
measuring the height to which the blood rose. In a Mare, when the tube 
was introduced into the Crural artery, it rose 8 ft. 3 in ; in two Horses, 
9 ft. 8 in. and 9 ft. 6 in. From parallel experiments upon sheep, oxen, 
dogs, and other animals, and from the comparison of the calibre of their 
respective vessels with that of the Human aorta, Hales concluded that 
the usual force of the heart in Man would sustain a column of blood 
feet high, the weight of which would be about 4 lbs. 6 oz. on the 
square inch. Poisseuille, improving on Hales’ method, employed a 
much more portable instrument in the form of a doubly-bent tube 
(Fig. 57), containing mercury in the curve, and a solution of car- 
bonate of soda in the mouthpiece, which pre- 
vented the formation of clots. A still further im- Fia. 57. 

provement was made by Volkmann and Ludwig, 
by placing Poisseuille’s instrument in connection 
with a revolving drum, on which tracings indicat- 
ing the fluctuations of the pressure could be taken. 

The instrument so modified was called the ‘‘ Kymo- 
graphion.” Poisseuille estimated the pressure in 
the arteries at 6*3 inches of merciu*y on the square 
inch, which he assumed as the standard for all 
arteries, and for all Mammalia. But the tracings 
of Ludwig and Volkmann showed that the range 
of variation was very wide, being in the carotid of 
the Horse from 6 to 13 inches, and not less in other 
animals. Bernard has invented a lighter instru- p„u„eume'. Hemadynt 
ment, termed the “ Cardiometer,” the indica- mometer a, mouthpiece, 
tions given by which are somewhat higher than 
those obtained by Poisseuille’s apparatus. The following table presents 
* “HaBmastatics,” vol. i. pp. 1-60. 
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the results of Volkmann’s observations* upon the relative lateral pressure 
at four points of the circulation in different animals; namely (i.) the 
carotid near its origin, (ii.) a peripheral branch of the carotid or some 
other artery, (m.) a peripheral rootlet of a vein, and (iv.) a jugular 
vein : — 



I. 

II. 

III. 

IV. 

Goat , 

. 135 

. 126 . 

. 41 

. 18 

Horse . 

. 122 

97 . 

. 44 

. 21*5 

Calf . . 

. 165*5 . 

. 146 . 

. 27*5 . 

9 


23G. The rate of movement of the blood in any artery can only be 
guessed at as regards the Human subject from the comparative results of 
experiments upon the lower animals ; but several methods have been 
suggested, by which it may be ascertained in them with some approxima- 
tion to truth. One of these, employed by Volkmann, and termed by him 
the Hgemodromometer, is exhibited in Fig. 58, where A shows the in- 
strument as it is inserted between the two cut extremities of an artery or 
vein. In this position the blood continues to flow in the original direc- 
tion ; but by a simple mechanical arrangement, its course can be suddenly 


Fia. 58. 



Volkmann’s Hffimodromometer. 


diverted (as in b), through the bent tube filled with water in the direction 
of the arrows. The rapidity of the current may be readily estimated by 
timing its course along the scale at the side. A second method is that 


Op. cit., p. 173. 
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represented in Fig. 59, devised by Vierordt, and termed by him the 

Hsematochometer.” This consists of a small glass cell filled with water, 
with two mouthpieces for insertion into the 
vessel, and a light vertically- suspended and 
easily-movable pendulum, placed close to the 
point of entrance of the current from the upper 
extremity of the divided artery. The amount 
of deviation from the perpendicular produced 
by the instreaming blood on the pendulum, as 
measured by the scale, indicates the velocity of 
the current. Volkmaun gave the ra])idity 
of the stream in the carotid of the Hoi-vse at 
from 12-17 inches per second, and in the Dog 
at about 12 inches per second. Vierordt estimated it at 10 1 inches 
per second in the carotid of Man,* and at 2| inches per second in 
the metatarsal artery. Chauveau,']' with a similar but somewhat 
improved instrument, estimated the rajndity of the blood in the carotid 
of the Horse at 20*28 inches per secoml during the systole of the 
heart, falling to 8*78 inches during the diastole. — The influence of cx])i- 
ration and insj)iration, and of muscular effort u])on the fr(‘(piency and 
force of the cardiac pulsations, as indicated by the tracijigs obtained fi’om 
a sphygmograj)h applied to such a vessel as the Itadial artery, are of much 
interest. It can thus be shown that during the act of expiration the 
frequency of the pulse is considerably augmented (Fig. GO, 1-0); whilst the 
line of mean pressure (m m) 
rapidly rises, indicating in- 
creased tension in the ar- 
terial walls. Q'’his is no 
doubt attributable to the 
difficulty which the blood 
in the great veins finds in 
entering the thorax ; for 
Bernard has shown that any 
pressure made upon the 
veins immediately reacts 
through the capillaries u])on 
the arteries, causing an in- 
crease in their tension. Dur- 
ing the act of inspiration, 
on the contrary, the pul- 
sations become slower, the Traempr showing cft’ect of Exjiiration and Inspiration on 
curves much bolder, and thePulse: — l— 6, PulBationa during Expiration; from d to 
,1 !• n the end, during Inspiration. 

the line of mean pressure 

gradually falls ; for then the blood readily enters the thorax, and, as a 
consequence, the great veins, capillaries, and arterial walls become com- 
paratively flaccid. The influence of muscular exertion, as in a violent 
effort of expiration with closed glottis, is equally well marked, and may 
be represented by the same drawing. During the expiratory effort the 

* Physiologie,” p. 110, 1861. 

f “Archiv. (16n. de Med.” vol. i. 1861, p. 113, and ‘ Journal de laTliysiol.” 1860, 
^ p. 695. 



Fig. 59. 



Hicmatoohometer of Vierordt:— 
tt and b, mouthpieceb. 



246 OF THE CIRCULATION OF THE BLOOD. 

number of pulsations augments, and the tracing rises briskly, showing 
increased tension ; and this is occasioned by pressure on the abdominal 
and thoracic portions of the aorta, which discharge their contents into, and 
render tense, the peripheral arteries (radial). On the cessation of the efEort, 
the blood flows quickly back from the peripheral arteries into the aorta, 
which, now uncompressed, possesses less tension than the other arteries, 
and the line of pressure consequently falls in some instances even below 
the original level, though the condition of equilibrium is soon restored.* 

4. Movement of the Blood in the Capillaries. 

2^1. In Man, as in all the higher Animals, — in the adult condition at 
least, — the Capillary circulation is almost entirely carried-on through 
tubes having distinct membranous parietes ; the only known exception 
being in the case of the Spleen (§ 130, ii.). These tubes commonly form a 


Fig. 61. 



Capillary plexus in a portion of the web of a Frog'» foot, magnified 110 diameters o, trunk 
of vein ; bf b, its branches ; c, c, pigment-cells. 

minutely-anastomosing network (Fig. 61) ; into which the blood is 
brought by the ramifications of the arteries on one side, and from which 
it is returned by the radicles of the veins on the other. The walls of 
the tubes are composed of a delicate membrane, on the inner surface or 
in the substance of which numerous nuclei are scattered. These are 
particularly well seen in the Pia Mater, which consists almost entirely of 
a congeries of blood-vessels (Fig. 62). The diameter of the Capillaries 
varies in difierent animals, in accordance with that of their blood-cor- 


* See M. Buieson in “ Comptes Eendusde la Soc. de Biol.” S6r. iii. t. iii, pt. i. 1862. 
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puscles; thus the Capillaries of the Frog are, of course, much larger 
than those of Man. The ordinary diameter of the latter appears, from 

Fig. 62, 



the measurements of Weber, Muller, and others, to vary from about the 
l-37()0th to the 1-2 500th of an inch ; the extremes, however, are stated 
by Kolliker at as little as 1-5 000th and as much as 1-1 870th of an inch. 
As the diameter of the Human capillaries, however, can only be examined 
after death, it is probable that these statements may not be altogether 
exact, particularly as tubes of the smallest of the above sizes would not 
admit ordinary blood-corj)uscles. The dimensions of the individual 
vessels, indeed, are by no means constant ; as may be seen by watching 
the Circulation in any transparent part, for some little time. Putting 
aside those general changes in diameter which result from circumstances 
affecting all the capillaries of a part, it may be observed that a single 
capillary will sometimes enlarge or contract by itself, without any obvious 
cause. Thus, the stream of blood will sometimes be seen to run into 
passages which were not before perceived ; and it has hence been sup- 
posed that they were new excavations, formed by the retreating or removal 
of the solid tissue through which it passes. But a more attentive exami- 
nation shows, that such passages are real capillaries, which did not, at 
the time of the first observation, admit the stream of blood-corpuscles, in 
consequence of the contraction of their calibre, or of some other local 
impediment ; and that they are brought into view by the simple increase 
in their diameter. The. compression of one of the small arteries will 
generally occasion an oscillation of the corpuscles of blood in the smallest 
capillaries, which will be followed by the disappearance of some of them; 
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but when the obstruction is removed, the blood soon regains its previous 
velocity and force, and flows into exactly the same passages as before. 

238, The opinion was long entertained, that there are vessels adapted 
to supply the white or colourless tissues ; carrying from the arteries the 
‘ liquor sanguinis,’ and leaving the corpuscles behind, through inability 
to receive them. A considerable development has lately been given to 
this view by the investigations of Virchow* and others ; by whom it has 
been attempted to be shown that in the various structures included under 
the term connective tissues, the corpuscles, which are almost constantly 
found disseminated through them, are to be regarded, like the lacunae of 
bone, as centres and storehouses of nutriment, which is again distributed 
by their caudate prolongations (frequently assuming the form of elastic 
tissue) to the most distant parts. The idea that Nutrition can only be 
carried-on by means of Capillary vessels, is, however, entirely gratuitous; 
for there is no essential difference between the nutrition of the non -vas- 
cular tissues, and that of the islets in the midst of the network of capillary 
vessels which traverses the most vascular. In both cases, the nutrient 
materials conveyed by the blood are absorbed by the cells or other 
elementary parts of the tissue immediately adjoining the vessels, and are 
imparted by them to others which are further removed; and the only 
diflbrence lies in the amount of the ])ortion of tissue which has to be thus 
traversed, so that we are only required to extend our ideas, from the 
largest of the islets which we find in the vascular tissues, to the still more 
isolated structures of which the non-vascular tissues are composed. — The 
disposition of the Capillaries, both as to the degree of minuteness and the 
plan of the reticulation which they form, varies so greatly in the different 


Fia. 63. 


Fig. 64. 






Distribution of Capillaries on the surface 
of the Skin of the finger. 

Fig. 65. 



Distribution of Capillaries in Sfuscle. 



Distribution of Capillaries around follicles 
oi Mucous Membrane. 

Fig. 66. 



Capillary network around Fat-cells. 


* See ** Cellular Pathology,” famm. 
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vascular tissues, that it is possible to state with tolerable certainty 
the nature of the part, from which any specimen has been detached, — 
whether a portion of Skin (Fig. 63), Mucous membrane (Fig. 64), Serous 
membrane. Muscle (Fig. 65), Nerve, Fat (Fig. 66), Areolar tissue. Gland 
(Fig. 9), &c. The degree of minuteness is obviously in accordance with 
the copiousness of the supply of blood which is required for the purposes 
of its circulation through the part ; thus the plexus is closest, where some 
change is to be effected on the blood itself, as in the absorbent, respira- 
tory, and secreting organs; whilst it is widest in those parts which 
receive the blood solely for their own nutrition, — the nervous centres 
and muscles having a more minute reticulation than is seen in the gene- 
rality of the last-named parts, in virtue of the peculiar activity of the 
molecular changes which take place in them. But the arrangement of 
vessels peculiar to each, evidently has reference only to the convenience 
of the distribution of blood among the elementary parts of the tissue, and 
varies with their form. It is not possible to imagine that it has any 
other relation than this to their function ; since the function of each 
separate element of the organ, of which that of the entire organ is the 
aggregate, is due to its own inherent vital powers, — the supply of blood 
being only required as furnishing the material on which these are to be 
exercised. 

239. The average rate of movement of the blood through the Capillary 
system, may be determined with tolerable precision by microscopic mea- 
surement ; and the observations of Hales, Valentin, and Weber concur 
in representing it to average in the systemic capillaries of the Frog 1*2 
inch per minute. In warm-blooded animals, however, the capillary cir- 
culation is probably much more rapid than this ; the observations of 
Volkmann upon the mesenteric arteries of the Dog making its rate about 
1 *8 inch per minute ; whilst Ludwig and Vierordt, from observations on 
the movement of the blood-corpuscles in the retinal capillaries of their 
own eyes, estimate the rapidity at Iroin one inch in 41 seconds to one 
inch in 28 seconds. The layer which is in immediate proximity to the 
wall of the vessels flows from 9 to 17 times more slowly if the movement 
of the white corpuscles is to be taken as a means of estimating it (Weber). 
Assuming *03 inch per second, however, as the rate, and comparing this 
with the rate of movement of the blood in the larger arteries, which 
seems on the average to be 11*8 inches per second, it is calculated by 
Volkmann that the aggregate area of the capillaries (being in an inverse 
ratio to the rate of the blood’s movement through them) must be nearly 
fotir hundred times that of the arterial trunks which supply them.* 
Donders, on similar data, estimates it at 500 times greater, and Vierordt 
at from 800 to 850 times. t 

240. That the movement of the Blood through the Capillary system of 
vessels, is mainly dependent upon the force which it derives from the 
Heart ftnd from the coats of the Arteries, is a matter altogether beyond 
dispute. But it is a most important question, not merely in itself, but 
in its bearing on one of the fundamental questions of Pathology, — the 
nature of Inflammation, — whether the Capillary circulation is influenced 

* ‘‘Hamodynamik,” pp. 184, 204. 

+ ‘*Die Ersslieinungen und Gesetze der Stromgeschwindigkeit des Blutes,” 1858. 
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by any other agency than the contractile power of the Heart and Arterial 
^stem ; some Physiologists maintaining that this alone is sufficient to 
account for all the phenomena of the Capillary circulation ; and others 
asserting that it is necessary to admit some supplementary force, which 
may be exerted either to assist, retard, or regulate the flow of blood flrom 
the Arteries into the Veins. We shall first consider the evidence which 
may justify an affirmative conclusion as to the existence of such force ; 
and shall then examine into its nature. — No physiological fact seems to the 
Author to be more clearly proved, than the existence, in the lower classes 
of Animals, as well as in Plants, of some power independent of a vis a 
fergoy by which the nutritive fluid is caused to move through their 
vessels.* This power appears to originate in the circulation itself, and 
to be closely connected with the state of the Nutritive and Secreting 
processes: since anything which stimulates these to increased energy, 
accelerates the movement ; whilst any check to them occasions a corre- 
sponding stagnation. It may be convenient to designate this motor 
force, by the name of capillary power ; it being clearly understood, how- 
ever, that no mechanical propulsion is thence implied. On ascending 
the Animal scale, we find the power which, in the lower organisms, is 
diffused through the whole system, gradually concentrated in a single 
part ; a new force, that of the Heart, being brought into operation, and 
the Circulation placed, in a greater or less degree, under its control. 
Still there is evidence, that the movement of blood through the capillaries 
is not entirely due to this ; since it may continue after the cessation 
of the Heart’s action, may itself cease in particular organs when the 
Heart is still acting vigorously, and is constantly being affected in 
amount and rapidity, by causes originating in the part itself, and in no 
way affecting the Heart. — The chief proofs of these statements will now 
be adverted-to. 

241. When the flow of blood through the Capillaries of a transparent 
part, such as the web of a Frog’s foot, is observed with the Microscope, it 
appears at first to take place with great evenness and regularity. But on 
watching the movement for some time, various changes may be observed, 
which cannot be attributed to the Heart’s influence, and which show that 
a certain regulating or distributive power exists in the walls of the capil- 
laries, or in the tissues which they traverse. Some of these changes, 
involving variations in the size of the capillary tubes, have been already 
referred-to (§237). Others, however, are manifested in great and sudden 
alterations in the velocity of the current ; which cause a marked dif- 
ference in the rates of the movement of the blood through the several 
parts of the area under observation. Sometimes this variation extends 
even to the entire reversal, for a time, of the direction of the movement, 
in certain of the transverse or communicating branches ; the flow always 
taking place, of course, from the stronger towards the weaker current. 
Not unfrequently, an entire stagnation of the current in some particular 
tube precedes this reversal of its direction. Irregularities of this kind, 
however, are more frequent when the Heart’s action is partly interrupted ; 
as it usually is by the pressure to which the tadpole or other animal 
must be subjected, in order to allow microscopic observations to be made 


See Principles of Comparative Physiology,” chap. v. 
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upon its circulation. Under such circumstances, the varieties in the 
capillary circulation, induced by causes purely local, become very con- 
spicuous ; for when the whole current is nearly stagnated, and a fresh 
impulse from the heart renews it, the movement is not by any means 
uniform (as it might have been expected to be) through the whole plexus 
supplied by one arterial trunk, but is much greater in some of the tubes 
than it is in others ; the variation being in no degree connected with their 
size, and being very different at short intervals. 

242. The movement of the blood in the Capillaries of cold-blooded 
animals, after complete excision of the Heart, has been repeatedly 
witnessed. In warm-blooded animals, this cannot be satisfactorily 
established by experiment, since the shock occasioned by so severe an 
operation much sooner destroys the general vitality of the system ; but 
it may be proved in other ways to take place. After most kinds of 
natural death, the arterial system is found, subsequently to the lapse of 
a few hours, almost or completely emptied of blood ; this is partly, no 
doubt, the effect of the tonic contraction of the tubes themselves ; but 
the emptying is commonly more complete than could be thus accounted 
for, and must therefore be partly due to the continuance of the capillary 
circulation. It has been observed by Dr. Bennet Dowler,* that in the 
bodies of individuals who have died from yellow fever, the external veins 
frequently become so distended with blood within a few minutes after 
the cessation of the heart’s action, that, when they are opened, the blood 
flows in a good stream, being sometimes projected to the distance of a 
foot or more, especially when pressure is applied above the puncture, 
as in ordinary blood-letting. It is not conceivable that the slowly-acting 
tonicity of the arteries should have produced such a result as this ; which 
can scarcely, therefore, be attributed to anything else than the sustenance 
of the capillary circulation by forces generated within itself. Further, it 
has been well ascertained that a real process of secretion not unfrequently 
continues after general or somatic death ; urine has been poured-out by 
the ureters, sweat exuded from the skin, and other peculiar secretions 
formed by their glands ; and these changes could scarcely have taken 
place, unless the capillary circulation were stiU continuing. In the early 
embryonic condition of the highest animals, the movement of blood 
seems to be unquestionably due to some diffused power, independent of 
any central impulsion ; for it may be seen to commence in the Vascular 
Area, before it is subjected to the influence of the Heart. The first 
movement is towards, instead of from, the centre ; and even for some 
time after the circulation has been fairly established, the walls of the Heart 
consist merely of cells loosely attached together, and can hardly be sup- 
posed to have any great contractile power. 

243. The last of these facts may be said not to have any direct bearing 
on the question, whether the ‘ capillary power ’ has any existence in the 
adult condition ; but the phenomena occasionally presented by the foetus, 
at a later stage, appear decisive. Cases are of no very unfrequent occur- 
rence, in which the heart is absent during the whole of embryonic life, 
and yet the greater part of the organs are well developed. In most or aU 

* “ E^searches, Critical and Experimental, on the Capillary Circulation,” reprinted 
from the “New Orleans Medical and Surgical Journal,” Jan., 1849. 
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of these cases, it is true, a perfect twin fcetus exists, of which the placenta 
is in some degree united with that of the imperfect one ; and it has been 
customary to attribute the circulation in the latter to the influence of 
the heart of the former, propagated through the placental vessels. This 
supposition had not been disproved (however improbable it might seem), 
until a case of this kind occurred, which was submitted to the most care- 
ful examination by an accomplished anatomist;* when the decisive result 
was obtained, that it seemed impossible for the heart of the twin foetus 
to have occasioned the movement of blood in the imperfect one, and that 
some cause present in the latter must have been sufficient for the pro- 
pulsion of blood through its vessels. It was a very curious anomaly in 
this case, that the usual functions of the arteries and veins must have 
been reversed ; for the Vena Cava, receiving its blood from the umbilical 
vein nearly as usual, had no communication with the Arterial system 
(the Heart being absent), except through the systemic capillaries ; to 
which, therefore, the blood must have next proceeded, returning to the 
placenta by the umbilical artery. This view of the course of the blood 
was confirmed by the fact, that the veins were everywhere destitute of 
valves. — It is evident that a single case of this kind, if unequivocally 
demonstrated, furnishes all the proof that can be needed, of the existence, 
even in the highest animals, of a ‘ ca 2 )illary power which, though usually 
subordinate to the Heart’s action, is sufficiently strong to maintain the 
circulation by itself, when the power of the central organ is diminished. 
In this, as in many other cases, we may observe a remarkable capability 
in the living system, of adai>ting itself to exigencies. In the acardiac 
Fcetus, the ^ capillary power’ supplies the place of the Heart, up to the 
period of birth ; after which, of course, the circulation ceases, for want of 
due aeration of the blood. It has occasionally been noticed, that a 
gradual degeneration in the structure of the Heart has taken-place 
during life, to such an extent that scarcely any muscular tissue could at 
last be detected in it, but without any such interruption to the circu- 
lation as must have been anticipated, if this organ furnishes the sole 
impelling force. 

244. Further, it is a general principle, unquestioned by any Physio- 
logist, and embodied in the ancient aphorism Uhi stimulus^ ihi fluxvs^ 
that, when there is any local excitement to the processes of Nutrition, 
Secretion, &c., a determination of blood towards the part speedily takes 
place, and the motion of blood through it is increased in rapidity ; and 
although it might be urged, that this increased determination may not be 
the effect, but the cause, of the increased local action, such an opinion 
could not be sustained without many inconsistencies with positive facts. 
For it is known that such local determinations may take place, not only 
as a part of the regular phenomena of growth and development (as in the 
case of the entire genital system at the time of puberty and of periodical 
heat, the uterus after conception, and the mammaj after parturition), but 
also as a consequence of a strictly local cause. Thus, the student is well 

* See Dr. Houston in the Dublin Medical Journal,” 1837. — An attempt was made by 
Dr. M. Hall (“ Edinb. Monthly Journal,” 1843) to disprove Dr. Houston’s inferences ; 
but a most satisfactory reply was given by Dr. Houston, at the Meeting of the British 
Association, August, 1848, and published in the “ DubliU Journal,” Jan., 1844. Sea 
also ‘‘Edinb. Med. and Surg. Jouru.,” July, 1844. 
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aware that, after several hours’ close application, there is commonly an 
increased determination of blood to the brain, causing a sense of oppres- 
sion, a feeling of heat, and frequently a diminished action in other parts ; 
and, again, when the capillary circulation is being examined imder the 
microscope, it is seen to be quickened by moderate stimuli, and to be 
equally retarded by depressing agents. All these facts harmonise com- 
pletely with the phenomena, which are yet more striking in the lower 
classes of organized beings, and which are evidently in accordance with 
the same laws. 

245. It is equally capable of proof, on the other hand, that an influence 
generated in the Capillaries may afford a complete check to the circu- 
lation in the part ; even when the Heart’s action is unimpaired, and no 
mechanical impediment exists to the transmission of blood. Examples of 
this may be seen in the loss of vitality produced by the prolonged appli- 
cation of cold to a part ; also in cases of spontaneous gangrene of the 
lower extremities, in which the deiith of the solid tissues is clearly con- 
nected with a local decline of the circulation, and in which it has been 
shown by examination of the limb after its removal, that both the larger 
tubes and the cai)illaries were comj)letely pervious ; so that the cessation 
of the flow of blood could not be attributed to any impediment, except 
that arising from the cessation of some power which exists in the capilla- 
ries, and which is necessary for the maintenance of the current through 
them. The most remarkable evidence on this point, however, is derived 
from the phenomena of Asphyxia, which will be more fully explained in 
the succeeding Chapter. At present it may be stated as a fact, which has 
now been very satisfactorily ascertained, that, if admission of air into the 
lungs be prevented, the circulation through them will be brought to a 
stand, as soon as the air which they contain has been to a great degree 
deprived of its oxygen, or rather has become loaded with carbonic acid ; 
and this stagnation will, of course, be communicated to all the rest of the 
system. Yet, if it have not continued sufficiently long to cause the loss 
of vitality in the nervous centres, the movement may be renewed by the 
admission of air into the lungs. Now although it has been asserted, 
that the stagnation is due to a mechanical impediment, resulting from the 
contracted state of the lungs in such cases, this has been clearly proved 
not to be the fact, by causing animals to breathe a gas destitute of oxygen, 
so as to produce Asphyxia in a different manner ; for the same stagnation 
results as in the other case. 

24G. If the phenomena which have been here brought together be 
considered as establishing the existence, in all classes of beings possessing 
a circulating apparatus, of a ‘ Capillary power,’ which affords a necessary 
condition for the movement of the nutritious fluid, through those parts 
in which it comes into more immediate relation with the solids, the 
question still remains open, wliat is the nature of that power ? — ^It is very 
doubtful whether the Capillaries possess true contractility ; for although 
their diameter is subject to great variation, yet this may be due simply 
to the elasticity of their walls, which tends to keep them constantly con- 
tracted upon the stream of blood that passes through them ; and there is 
no adequate proof that the alterations in their size, which are consequent 
upon the local application of stimuli, proceed from any other source than 
the alteration in the quantity of blood delivered to them by the minute 
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arteries, the very considerable alterations in whose calibre under such 
influences have been already described (§§ 226, 227). In the experi- 
ments of the Profrs. Weber (loc. cit.), the application of the electric 
stimulus to the capillaries produced no change in their diameter. Even 
supposing the capillaries, however, to possess such an independent con- 
tractility, this could not exert itself in aiding the flow of blood through 
them, except either by rhythmical alternations of contraction and dila- 
tation, or by some kind of peristaltic movement ; and observation com- 
pletely negatives the idea of the existence of any such movement, since 
the stream of blood, now rendered continuous by the elasticity of the 
arteries, passes through the capillaries as through tubes of glass. Hence 
the notion of any mechanical assistance, afforded by the action of the 
walls of the Capillaries to the movement of blood through them, must be 
altogether dismissed. 

247. There is experimental evidence, however, that the movement of 
the blood may be affected by any agency which alters the chemico-vital 
relations between the blood and the tissues which it permeates. Thus, 
when the interrupted electric current was applied to the capillaries by 
the Profrs. Weber, they noticed that the blood-corpuscles showed a 
remarkable tendency to adliere to each other and to the walls of the 
vessels, so as to produce a great amoimt of friction and a consequent 
retardation. A very similar set of phenomena has been observed by 
Mr. Wharton Jones,* as the consequence of the direction of a stream of 
carbonic acid against the capillary network. And the depression of the 
vitality of the part, by such injuries as tend to excite Inflammation in it, 
produces a like stagnation. This effect cannot be attributed to mecha- 
nical obstruction in the vessels, for they are usually dilated rather than 
contracted, when this condition exists ; and without any change in the 
dimensions of a tube, the stream of blood through it may be seen 
decreasing from extreme velocity to complete stagnation. j* That altera- 
tions in the chemical state of the blood (involving, of course, important 
changes in its vital properties) are capable of exercising a most important 
effect on the Capillary circulation, is shown, not merely by the stagnation 
of the pulmonarif Circulation in Asphyxia, but by the curious fact ascer- 
tained by Dr. J. Reid,J that the blood, when imperfectly arterialised, 
is retarded in the systemic capillaries, causing an increased pressure on 
the walls of the arteries. He found that, when the ingress of air through 
the trachea of a Dog was prevented, and the Asphyxia was proceeding 
to the stage of insensibility, — the attempts at inspiration being few and 
laboured, and the blood in an exposed artery being quite venous in its 
character, — the pressure upon the arterial walls, as indicated by the 
hsBmadynamometer applied to the femoral artery, was much greater 
than usual. Upon applying a similar test to a vein, however, it was 
found that the pressure was proportionably diminished ; whence it 
became apparent, that there was an unusual obstruction to the passage 

* “ Brit, and For. Med. Review, ” vol. xiv. p. 600. 

f See Mr. Paget, Op. cit., p. 311. — The Author had long previously satisfied himself 
that such was the fact ; and is glad to be able to cite the far more extended observations 
of Mr. Paget on this point, in confirmation of his own. 

j: ^^Edinb. Med. and Surg. Joum.,” April, 1841 ; and Anat., Phys., and Pathol. 
Researches,** chap. ii. 
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of venous blood through the systemic capillaries. After this period, 
however, the mercury in the hsemadynamometer applied to the artery 
began to fall steadily, and at last rapidly, in consequence of the dimi- 
nished force of the heart, and the retardation of the blood in the pulmonic 
capillaries ; but, if atmospheric air was admitted, the mercury rose m- 
stantly^ showing that the renewal of the proper chemical state of the blood 
restored the condition necessary for its circulation through the capillaries.* 
248. It appears from the preceding facts, that the conditions under 
which the power in question uniformly operates, may be thus simply and 
definitely expressed : Whilst the injection of blood into the Capillary 
vessels of every part of the system is due to the action of the Heart, its 
rate of passage throvgh those vessels is grcatl^ modified by the degree of 
activity in the processes, to which it should normally be subservient in 
them ; — the current being rendered more rapid by an increase in their 
activity, and being stagnated by their depression or total cessation. Or 
at any rate, to use the more guarded language of Mr. Paget (loc. cit.), 
we have facts enough to justify the hypothesis, “ that there is some 
mutual relation between the blood and its vessels, or the parts around 
them, which, being natural, permits the most easy transit of the blood, 
but, being disturbed, increases the hindrances to its passage.” — A phy- 
sical principle has been ])ut-forth by Prof. Draper, j* which seems quite 
adequate to explain these phenomena. It aj)pears hilly capable of proof, 
that if two liquids communicate with one another in a capillary tube, 
or in a porous or j^arenchymatous structure, and have for that tube or 
structure different chemical affinities, movement will ensue ; that liquid 
which has the most energetic affinity will move with the greatest 
velocity, and may even drive the other liquid before it.” Now Arterial 
blood, — containing oxygen with which it is ready to part, and being 
prepared to receive in exchange the carbonic acid which the tissues set 
free, — must obviously have a greater affinity for those tissues than 
Venous blood, in which both these changes have already been effected. 
Consequently, upon mere physical principles, the arterial blood which 
enters the Systemic capillaries on one side, must drive before it, and 
expel on the other side of the network, the blood which has become 
venous whilst traversing it ; but if the blood which enters the capillaries 
have no such affinity, no such motor power can be developed. — On the 
other hand, in the Pulmonary capillaries the opposite affinities prevail. 
The venous blood and the air in the cells of the lungs have a mutual 
attraction, which is satisfied by the exchange of oxygen and carbonic 
acid that takes place through the walls of the capillaries ; and when the 
blood has become arterialised, it no longer has any attraction for the air. 
Upon the very same principle, therefore, the venous blood will drive the 
arterial before it in the Pulmonary capillaries, whilst respiration is pro- 
perly going-on : but if the supply of oxygen be interrupted, so that the 
blood is no longer aerated, no change in the affinities takes place whilst 

* This last fact (as Dr. Reid has remarked) is sufficient to negative the idea of Mr. 
Erichsen, that the obstruction is caused by the contraction of the capillaries under the 
stimulus of venous blood (“ Edinb. Med. and Surg. Joum.,” Jan., 1845); for all experi- 
ments agree in showing, that such contraction can only be excited by the application of a 
stimulus for some minutes, and that relaxation takes place still more slowly. (§ 226). 

t “Treatise on the Forces which produce the Organization of Plants,” pp. 22-41. 
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it traverses the capillary network; the blood continuing venous, still 
retains both its need of a change, and its attraction for the walls of the 
capillaries ; and its egress into the pulmonary veins is thus resisted, rather 
than aided, by the force generated in the lungs. — The change in the con- 
dition of the blood, in regard to the relative proportions of its oxygen 
and carbonic acid, is the only one to which the Pulmonary circulation is 
subservient ; but in the Systemic circulation, the changes are of a much 
more complex nature, every distinct organ attracting to itself the peculiar 
substances which it requires as the materials of its own nutrition, and 
the nature of the affinities thus generated being consequently different in 
each case. But the same law may be considered to hold good in all 
instances. Thus the blo#d conveyed to the Liver by the portal vein, 
contains the materials at the exjiense of which the bile- secreting cells 
are developed ; consequently the tissue of the Liver, which is j)rincipally 
made-up of these cells, possesses a certain degree of affinity or attraction 
for blood contiiining these materials ; and this is diminished, so soon as 
they have been drawn from it into the cells around. Consequently the 
blood of the portal vein will drive before it, into the hei)atic vein, the blood 
which has traversed the capillaries of the portal system, and which, in doing 
so, has given-up the elements of bile to the solid tissues of the liver.* 

249. The influence which the Nervous System is known to exert 
upon the functions of Nutrition and Secretion, which are very intimately 
related to the movement of the blood in the Capillaries, would lead us to 
expect that it should exercise some like influence over that movement 
itself. And two distinct channels for such an influence may be assigned 
with much probability ; first, the control exercised by the Sympathetic 
system over the diameter of the smaller arteries, which will thus regulate 
the rate at which the blood is supplied to the capillary plexus; and 
second, the direct agency of Nerve-force in stimulating, retarding, or 
modifying those molecular changes, in which the Nutritive and Secretory 
operations consist. (See Prin. of Gen. Piiys.). — That the ordinary action 
of this force is not required to sustain the Capillary circulation, is clearly 
proved by the continuance of the flow without any apparent alteration, 
after section of the nerves of the pari, as has been observed by Muller, 
Wharton Jones, and others; and this corresj)onds with the well-known 
fact, that the Nutritive and Secretory processes may take place after 
Nervous agency has been thus suspended. But it seems indubitable that 
a sudden and violent ‘ shock’ to the nervous centres may exert the same 
antagonistic influence on the movement of blood in the Capillaries, as we 
have seen it to do on the Heart’s action (§216) : for this appears alike 
from the immediate and total annihilation of all vital activity which is 
consequent upon such an injury, and from direct observation in such an 
experiment as the following, made by Dr. Wilson Philip. The web of 
one of the hind legs of a frog was brought before the microscope ; and 
while Dr. Hastings observed the circulation, which was vigorous, the 
brain was crushed by the blow of a hammer. The vessels of the web 
instantly lost their power, the circulation ceasing ; an effect which cannot 
arise, as we have seen, from the ceasing of the action of the heart. [Dr. 

* For further information, the reader is referred to Mr. Savory's excellent Eeview of 
the whole of this subject, with original experiments, in the “Brit. & For. Med.-Chir. 
Eeview,'’ vol. xv. p. 872, and vol. xvi. p. 12. 
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Philip here refers to experiments, by which it was ascertained that the 
circulation in the capillary vessels of the frog will continue for several 
minutes after interruption of the heart’s action.] In a short time the blood 
again began to move, but with less force. This experiment was repeated, 
with the same result. If the brain is not completely crushed, although 
the animal is killed, the blow, instead of destroying the circulation, 
increases its rapidity.”* 

5. Movement oj the Blood in the Veins. 

250. The Venous system takes its origin in the small trunks that are 
formed by the re-union of the Capillaries ; and it returns the blood from 
these to the Heart. The structure of the Veins is essentially the same 
with that of the Arteries ; but the fibrous tissue of which their middle 
coat is made-up, bears more resemblance to the areolar tissue of the skin, 
than it does to the true elastic tissue, and presents the distinguishing 
feature of Laminae running longitudinally as well as transversely ; and the 
muscular fibre-cells are usually much fewer in number, and are some- 
times wanting altogether.*!* The elasticity of the Veins is shown by the 
jet of blood which at first spouts-out in ordinary venesection, when, by 
means of the ligature, a distension has been occasioned in the tubes below 
it. Though the walls of the Veins are thinner, they yet resist pressure 
better than the Arteries. In an experiment of WintringhamJ the Aorta 
burst when the pressure rose to 158 lbs., whilst the Vena Cava only gave 
way when it reached 17G lbs. A slight contractility on the application of 
stimuli, and on irritation of the Sympathetic nervous fibres, has been 
observed ; but this is not so decided as in the arteries. The whole capa- 
city of the Venous system is considerably greater than that of the arterial; 
the former is usually estimated to contain from 2 to 3 times as much blood 
as the latter, in the ordinary condition of the circulation ; and when we 
consider the great proportion which the Veins in almost every part of the 
body bear to the arteries, we shall scarcely regard even the larger of these 
ratios as exaggerated. Of course the rapidity of the movement of the 
blood in the two systems will bear an inverse ratio to their respective 
capacities ; thus if, in a given length, the veins contain three times as 
much blood as the arteries, the fluid will move with only one-third of the 
velocity. Even at their origins in the capillary plexus, the veins are 
larger than the arteries which terminate in the same plexus ; so that 
wherever the arterial and venous networks form distinct strata, they are 
readily distinguished from each other. The Veins are remarkable for 
the number of valves which they contain, formed of duplicatures or loose 
folds of the internal tunic, between the component laminas of which, con- 
tractile fibres are interposed ; and also for the dilatations behind these, 
which, when distended, give them a varicose appearance. The valves 
are single in the small veins, the free edge of the flap closing against the 
opposite wall of the vein ; in the larger trunks they are double ; and in 

* “ Experimental Inqairy into the Laws of the Vital Functions,” 4th edition, p. 62. 

t TheTollowing, according to Prof. Kolliker (^‘Manual of Human Histology,” Syd. Soc., 
vol. ii. p. 307), are Veins which are unprovided with muscular structure : — The veins of 
the uterine portion of the placenta ; the veins of the cerebral substance and pia mater ; 
the sinuses of the dura mater ; Breschet’s veins of the bones ; the venous cells of the 
corpora cavernosa in the male and female ; and probably the venous cells of the spleen. 

X “ Experimental Inquiry,” &c., 1740. 

S 
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a few instances they are composed of three flaps. The object of these 
valves is evidently to prevent the reflux of blood ; and we shall presently 
see, that they are of important use in assisting in the maintenance of the 
venous circulation. They are most numerous in those veins which run 
among parts affected by muscular movement ; and they are not found in 
tlie veins of the lungs, of the abdominal viscera, or of the brain. 

251. The movement of the blood through the Veins is, without doubt, 
chiefly effected by the vis a ter go or propulsive force, which results from 
the action of the heart and arteries; this, as already shown (§ 235), is 
very greatly diminished by the time that it acts on the blood in the 
veins ; but the resistance to the onward movement of the blood is now 
so slight, that a very feeble power is adequate to overcome it. There 
are some concurrent causes, however, which are supposed by some to 
have much influence upon it, and of which the consideration must not 
be neglected. — One of these has been found by some Physiologists, in 
the inspirator g movement ; this is supposed to draw the blood of the 
Veins into the chest, in order to supply the vacuum which is created 
there at the moment of the descent of the dia])hragm. That the move- 
ment in question has some influence on the flow of venous blood into the 
chest, is evident from the occurrence of the respiratorg pulse, long ago 
described by Haller ; which may be seen in the veins of the neck and 
shoulder in thin persons, and in those especially who are suffering from 
pulmonary diseases. During Inspiration, the veins are seen to be par- 
tially emptied : whilst during Expiration they become turgid, partly in 
consequence of the accumulation from behind, and of the check in front ; 
and partly (it may be) in some cases, through an absolute reflux 
from the veins within the chest (§ 210). The fact that in the imme- 
diate neighbourhood of the chest, the flow of blood towards the heart is 
aided by inspiration and impeded by expiration, is firrthcr proved by 
Sir D. Barry’s experiment, which consisted in introducing one extremity 
of a tube into the jugular vein of a Horse, and the other into water, 
which exhibited an alternate elevation and depression with inspiration 
and expiration ; this has been repeated and confirmed by several Phy- 
siologists. On the other hand, the expiiHitorg movement, while it directly 
causes accumulation in the veins, will assist the heart in propelling the 
blood into the arteries; and by the combined action of these two causes 
is produced among other effects, the rising and sinking of the Brain, 
synchronously with expiration and inspiration, which are observed when 
a portion of the cranium is removed. Several considerations, however, 
agree in pointing to the conclusion, that no great efficacy can be rightly 
attributed to the Respiratory movements, as exerting any general influ- 
ence over the Venous circulation. The Pulmonary circulation being 
entirely within the chest, cannot be affected by variations in atmospheric 
pressure ; the entire venous circulation of the foetus, also, is independent 
of any such agency. Again, it has been shown experimentally by Dr. 
Arnott and others, that no suction-power exerted at the farther end of a 
long tube, whose walls are so deficient in firmness as are those of the 
Veins, can occasion any acceleration in a current of fluid transmitted 
through it ; for the effect of the suction is destroyed, at no great distance 
from the point at which it is applied, by the flapping-together of the sides 
of the vessels. This tendency may be counteracted, however, as Berard 
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maintains,* by firm adhesions of the external surface of the Veins to the 
adjoining parts: such adhesions undoubtedly take place in many parts, 
as for instance in the Hepatic and Innominate Veins, and in the lower 
part of the Jugular Vein; and therefore, to that extent at least, the 
venous circulation must be influenced by the respiratory movements. — 
Another agency which certainly assists the venous circulation in some 
animals, is the rhythmical contraction of the walls of the veins, which 
has been observed to occur 8 to 10 times per minute in the trans- 
parent membrane of the wing of the Bat, the amount of contraction 
being about one-fourth of the diameter of the vessel (Wharton Jones). 

252. One of the most powerful of the general causes which influence 
the Venous circulation, is doubtless the frequently-recurring pressure of 
the muscles upon their trunks. In every instance that Muscular move- 
ment takes place, a portion of the Veins of the part will undergo com- 
pression ; and as the blood is prevented, by the valves in the veins, from 
being driven-back into the small vessels, it is necessarily forced on 
towards the heart. As each set of muscles is relaxed, the veins com- 
pressed by it fill-out again, to be again compressed by the renewal of the 
force. That the general Muscular movement is an important agent in 
maintaining the circulation, at a i)oint above that at which it would be 
kept by the action of the heart and arterial system alone, appears from 
several considerations. The pulsations are diminished in frequency by 
rest, accelerated by exertion, and very much quickened by violent effort 
(§ 224 d). In all kinds of exercise, and in almost every sort of effort, 
there is that alternate contraction and relaxation of particular groups of 
Muscles, which has been just mentioned as affecting the flow of blood 
through the veins ; and there can be little doubt that the increased 
rapidity of the return of blood through them, is of itself ‘ sufficient 
cause for the accelerated movements of the heart. When a large number 
of muscles are put in action after repose, as is the case when we rise-up 
from a recumbent or a sitting posture, the blood is driven to the heart 
with a very strong impetus ; and if that organ should be diseased, it 
may arrive there in a quantity larger than can be disposed-of ; so that 
sudden death may be the result. Hence the necessity for the avoid- 
ance of all sudden and violent movements, on the ])art of those who 
labour under either functional disorder or structural disease of the centre 
of the circulation. 

253. The Venous circulation is much more liable than the Arterial, to 
be influenced by the force of Gravity ; and this influence is particularly 
noticeable, when the tonicity of the vessels is deficient. — The following 
experiments performed by Dr. C. J. B. Williams, f to elucidate the in- 
fluence of deficient firmness in the walls of the vessels, and of gravita- 
tion, over the movement of fluids through tubes, throw great light on 
the causes of venous congestion. A tube with two equal arms having 
been fitted to a syringe, a brass tube two feet long, having several right 
angles in its course, was adapted to one of them, whilst to the other was 
tied a portion of a rabbit’s intestine four feet long, and of calibre double 
that of the brass tube, this being arranged in curves and coils, but with- 
out angles or crossings. When the two tubes were raised to the same 

* ‘‘Cours de Physiologic,” t. iv. p. 62. 

t “ Principles of Medicine,” 2nd edit., p. 188. 

s 2 
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height, the small metal tube discharged from two to five times the quantity 
of water discharged in a given time by the larger but membranous tube ; 
the difference being greatest when the strokes of the piston were most 
forcible and sudden, by which the intestine was much dilated at its 
syringe-end, but conveyed very little more water. When the discharg- 
ing ends were raised a few inches higher, the difference increased consi- 
derably, the amount of fluid discharged by the gut being much diminished ; 
and when the ends were raised to the height of eight or ten inches, the 
gut ceased to discharge, each stroke only moving the column of water in 
it, and this subsiding again, without rising high enough to overflow. 
When the force of the stroke increased, the part of the intestine nearest 
the syringe burst. — From these experiments it is easy to understand, 
how any deficiency of ‘ tone’ in the Venous system will tend to prevent 
the ascent of the blood from the depending parts of the body, and will 
consequently occasion an increased pressure on the walls of the vessels, 
and an augmentiition in the quantity of blood they contain. All these 
conditions are peculiarly favourable to the escape of the watery part of 
the blood from the small vessels ; and this may either infiltrate into the 
areolar tissue, or it may be poured into some neighbouring serous cavity, 
producing dropsy. Thus it happens that such effusions may often be 
traced to that state of deficient vigour of the system, which peculiarly 
manifests itself in want of tone of the blood-vessels ; and that it is relieved 
by remedies which restore this. In many young females of leuco- 
phlegmatic temperament, for example, there is a tendency to swelling of 
the fret, by oedematous effusion into the areolar tissue, in consequence 
of the depending position of the limbs ; the oedema disappears during the 
night, but returns during the day, and is at its maximum in the evening. 
And the congestion which frequently manifests itself in the posterior 
parts of the body, towards the close of exhausting diseases in which the 
patient has lain much upon his back, is attributable to a similar cause ; 
of such congestion, effusions into the various serous cavities are frequent 
results ; and such effusions, taking place during the last hours of life, are 
often erroneously regarded as the source of death. To the same cause 
we are to attribute the varicose state of the veins of the leg, which is so 
common amongst persons of relaxed fibre, and especially in those whose 
habits require them to be much in the erect posture ; and this distension 
occasionally proceeds to complete rupture, the causes of which are fully 
elucidated by the experiments just cited. 

6. Peculiarities of the Circulation in different Parts, 

254. In several portions of the Human body, there are certain varieties 
in the distribution and in the functional actions of the blood-vessels, 
which should not be omitted in a general account of the Circulation. — Of 
these, we have in the first place to notice the apparatus for the Pulmonary 
circulation ; the chief peculiarity of which is, that venous blood is sent 
from the heart, through a tube which is arterial in its structure, whilst 
arterial blood is returned to the heart, through a vessel whose entire 
character is that of a vein. The movement of the blood through these is 
considerably affected by the physical state of the lungs themselves ; being 
retarded by any causes which can occasion pressure on the vessels (such 
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as over-distension of the cells with air, obstruction of their cavity by solid 
or fluid depositions, or by foreign substances injected into them, &c.) ; and 
proceeding with the greatest energy and regularity when the respiratory 
movements are freely performed. — The Portal circulation, again, is pecu- 
liar, in being a kind of offset from the general or systemic circulation, 
and also in being destitute of valves ; and it may be surmised with much 
probability, that the purpose of their absence is, to allow of an unusually 
free passage of blood from one part of that system to another, during 
the very varying conditions to which it is subjected. — Another very 
important modification of the Circulating system, is that which presents 
itself within the Cranium. From the circumstance of the cranium being 
a closed cavity, which must be always filled with the same total amount 
of contents, the flow of blood through its vessels is attended with some 
peculiarities. The pressure of the atmosphere is here exerted, rather to 
keep the blood in the head, than to force it out ; and it might accordingly 
be inferred, that, whilst the quantity of cerebral matter remains the same, 
the amount of blood in the cranial vessels must also be invariable. This 
inference appeared to derive support from the experiments of Dr. Kellie.* 
On bleeding animals to death, he found that, whilst the remainder of the 
body was completely exsanguine, the usual quantity of blood remained in 
the arteries and veins of the cranium ; but that if an opening was made 
in the skull, these vessels were then as completely emptied as the rest. 
In the experiments performed by Kussmauland Tenner,t it was found on 
trephining the skull and compressing the carotids, that the brain, especially 
after removal of the dura mater, became very j)ale, and retreated from 
the opening to so great an extent as to form a cup 2^ mm. in depth ; 
whilst on releasing the pressure, it assumed a deep rose colour and 
became convex. When, however, they luted a piece of glass air-tight 
into the hole made by the trephine, as suggested by Bonders, the pheno- 
mena were no longer the same, for no mov.ement of any kind could then be 
perceived in the brain, which remained in all cases immovably in contact 
with the glass plate ; but the same changes in the tint of the cerebral 
substance, on checking and again restoring the current in the arteries, 
were observed. These experiments, therefore, appear to furnish indis- 
putable evidence that the circulation of blood through the Brain varies 
with the general conditions of the vascular system, and is not, as Dr. 
Kellie’s experiments appeared to show, independent of them. Moreover, 
in disordered states of the circulation, the quantity of blood in the vessels 
of the cranium may be for a time diminished by a sudden extravasation, 
either of blood or serum, into the cerebral substance ; and the amount 
of interior pressure upon the walls of the vessels may also be con- 
siderably altered, even when there is no difference in the quantity of 
fluid contained in them.J It seems highly probable that in the delicate 
and extensive system of capillaries found in the pia mater and choroid 
plexus, a provision is made by which a large quantity of cerebro-spinal 
fluid can be effused or absorbed in a short space of time, to compensate 
for sudden changes in the balance of the circulation. 

* EdiDburgh Medico -Chirurgical Transactions,” vol. i. 

+ See their Essay (Syd. Soc. Translation, p. 39 et seq.^ 1859), 

i The results of the experiments of Dr G. Burrows (“Medical Gazette,” April and 
May, 1848) fully confirm the views stated above. 
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255. The Erectile Tissues present another curious modification of the 
ordinary vascular apparatus. The chief of these are the corpora cavernosa 
in the penis of the male, and in the clitoris of the female ; the collection 
of similar tissues round the vagina and in the nymphae of the female ; 
and the nipple in both sexes. In all these situations, erection may be 
produced, and in the case of the penis, emissio seminis may be effected, by 
local irritation. The nerves implicated in producing erection in the Dog 
were found by Eckhard* to be, first, the Nn, pudend, communes proceed- 
ing from the sciatic plexus, and supplying the musculi ischio-cavernosi, the 
corpora cavernosa of the penis, and membranous portion of the urethra ; 
and second, the Nervi erigentes proceeding from the sacral nerves and en- 
tering the hypogastric plexus. This plexus contains minute ganglia, com- 
municates with the posterior mesenteric plexus, and furnishes branches to 
the bladder, prostate gland, rectum, and membranous portions of the 
urethra. After division of the former, or common pudendal nerves in 
the Dog, Eckhard found it impossible to produce erection of the penis or 
emission of semen by direct irritation of the penis. The Nervi erigentes 
are, however, the chief excitors to erection, for on exposing and irritating 
them, swelling of the penis, gradually proceeding forwards to the glaiis, 
immediately commenced. Erection may also occur as a result of certain 
emotional conditions of the mind, the infiuence of which is probably 
transmitted through the Sympathetic nerve, as it may be experienced even 
in cases of j)araplegia. The erectile tissue appears essentially to consist 
of a plexus of veins with varicose enlargements, inclosed in a fibro-mus- 
cular envelope with trabecular partitions ; the contraction of which is 
doubtless in some way concerned in the result. In the penis, as first 
pointed-out by Prof. Muller,! there are two sets of arteries ; those of one 
set, destined for the nutrition of the tissues, communicating with the 
veins in the usual way, through a capillary network ; whilst the others, 
termed by him the ‘ helicine arteries,’ are short tendril-like branches, 
which project into the veins (covered, however, by their lining mem- 
brane), sometimes singly, and sometimes in tufts, ending abruptly by 
dilated extremities. It was maintained by Muller, that the dilated ends 
of these helicine arteries communicate directly with the venous cavities, 
since injection thrown into the former always fills the latter, although no 
distinct apertures have been seen in them ; and Kolliker states that he 
has frequently found them giving-off delicate, almost capillary vessels, 
which discharge themselves into the venous spaces.^ — The proximate 
cause of the erection of the penis, has been stated by some to be the action 
of the ischio-cavernosi and the bulbo-cavernosus muscles, in compressing 
the veins which return the blood from the penis; but although these 
muscles probably afford assistance in completing and strengthening the 
erection, tliey are unable to effect it by their own act ; and it is obvious 
that no analogous power can be exerted in other erectile organs, the 
nipple for example. — It is maintained by Prof. Kolliker, that the office of 

* ‘‘Beitrage zur Anat. and Phys.,” Giessen, 1863. 

d* ‘ Entdeckung der bei der Erection wirksamen Arterien,’ in ** Muller’s Arebiv,” 
1836, p. 202. 

t For excellent accounts of the minute anatomy of the Penis, see Langer, ^^Sitzungs- 
bericht d. Akad. zu Wien.” xlvi., 1863, p. 120; Henle, “Nachr. v. d. Univ. v. k. 
Gesell. d. Wiss. zu Getting.,” 1863 ; and Henle and Pfeuf., '^Zeits.” xviii. pt. i. 1863, 
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the muscular fibres which pass m every direction amongst the dilated 
veins, IS to keep them compressed in the intervals of erection, so as to 
prevent them from being distended by the vis a ter go of the blood , and 
that the stimulus to erection, Vhich is usually conveyed through the 
nervous system, so operates upon these fibres as to occasion their relaxa- 
tion^ whereby the free distension of the cavernous veins and of the arterial 
diverticula is permitted He refers, moreover, to the excessive contrac- 
tion of erectile organs which is induced by cold,* and to the effect of 
warmth m favouring their enlargement, as confirmatory of this view; 
and considers that no other agency is required Now although we are so 
accustomed to consider the stimulus of innervation as exerted in producing 
muscular contraction^ yet since, in the act of Blushing, there is undoubt- 
edly a relaration of the muscular walls of the blood-vessels under the 
influence of emotional excitement, there seems a stiong analogical proba- 
bility (at any rate, no a pi wi i improbability) that the same may be the 
case with the <ict of Erection At the same time it must be understood 
that the act of erection does not consist of mere passive venous congestion, 
but that the circulation in the whole organ is greatly increased , Eckhard 
stating that in the Dog he obt lined eight times more blood from the veins 
of the perns at tlie period of erection than during the intervals 


CHAPTER VII 

01 ULbPIHATrON 

1 Natiiit oj the Function and Provisions jor its Pajonnance 

256 Tiif Nutritive fluid, m its ciiculation througli the capillaries of the 
system, undeigoes great liter itions, both in its physic il constitution and 
in its vital jiroperties It gives-up to the tissues with which it is brought 
into contact, some of its most import int elements, and, at the same time, 
it IS made the vehicle of the removal, from these tissues, of ingredients 
which are no longer in the state of combination that fits them lor their 
ofhees in the Animal Economy To separate these ingredients from the 
general current of the circulation, ind to carry them out of the system, 
is the great object of the Excretory organs , the importance of whose 
respective functions will vary, it is very evident, with the amount 
of the ingredient which they have to separate, and with the deleterious 
influence which its retention would exert on tlic wehare of the system at 
large Of all these injurious ingredients. Carbonic Acid is without doubt 
the one most abundantly introduced into the nutritive fluid , and it is 
also most deleterious in its effects on the system, if allowed to accumulate. 
— We find, accordingly, that the provision for the removal of this sub- 
stance from the blooa is one of peculiar extent and importance, especially 
in the higher forms of animals , and further, that instead of being effected 

* The appUcation of moderate cold, however, (as m putting on a clean shirt) frequently 
occasions erection of the male nipple. 
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by an operation peculiarly vital (like other acts of Excretion), its per- 
formance is secured by being made to depend upon simple physical condi- 
tions, and is thus comparatively little susceptible of derangement from 
disorder of other processes. All that is requisite for it, is the exposure of 
the Blood to the influence of the Atmospheric air (or, in aquatic animals, 
of air dissolved in water), through the medium of a membrane that shall 
permit the ‘diffusion of gases;’ an interchange then taking place between 
the gaseous matters on the two sides, — Carbonic acid being exhaled from 
the Blood, and being replaced by Oxygen from the air. Thus the extrica- 
tion of Carbonic acid is effected in a manner that renders it subservient to 
the introduction of that element which is required for all the most active 
manifestations of vital power; and it is in these two processes conjointly, 
not in either alone, that the function of Respiration essentially consists. — 
We shall now inquire into the sources from which Carbonic acid is pro- 
duced in the living body, and the causes of the demand for Oxygen. 

257. The vital activity of the organism at large involves a continual 
change in its constituent parts ; and those which (so to speak) live the 
fastest, usually die the soonest, and pass most readily into decay (chap. 
viTi., Sect. 1). Hence in the very performance of the Organic functions 
which concur to effect the Nutrition of the body, there is a constant 
source of disintegration ; and one of the chief products of the decay of 
the tissues, which is consequent upon their loss of vitality, is Carbonic 
acid. — Thus the most general object of the Respiratory process, which is 
common to all forms of organized being, is the extrication of this product 
from the system ; and the demand for aeration hence arising, will vary 
with the activity of the nutritive operations. Now the rate of life, 
and consequently the amount of disintegration, in any organized 
structure, depend in great measure upon the temperature at which 
it is maintained ; and thus it happens that the production of Car- 
bonic acid from this source, at the ordinary rate of vital activity, is 
much more rapid in ‘ warm-blooded’ than in ‘ cold-blooded’ animals, and 
that the former suffer far more speedily than the latter from the privation 
of air. But when the temperature of the Reptile is raised by external 
heat to the level of that of the Mammal, its need for respiration increases, 
owing to the augmented waste of its tissues. When, on the other hand, 
the warm-blooded Mammal is reduced, in the state of hybernation, to the 
level of the cold-blooded Reptile, the waste of its tissues diminishes to 
such an extent, as to require but a very small exertion of the respiratory 
process to get-rid of the carbonic acid, which is one of its chief products. 
And in those animals which are capable of retaining their vitality when 
they are frozen, or when their tissues are completely dried-up, vital activity 
and disintegration are alike entirely suspended, and consequently there 
is no carbonic acid to be set-free. 

258. But another source of Carbonic acid to be set-free by the Respi- 
ratory process, and one which is peculiar to animals, consists in the rapid 
changes which take place in the Muscular and Nervous tissues, in the 
very act of performing their peculiar functions ; the development of the 
Muscular and of the Nervous forces involving, as the very condition of 
their production, a change in the substance of these tissues respectively ; 
in which change a large quantity of Oxygen is consumed, and a large 
amount of Carbonic acid is generated. Hence in Man, as in all Animals 
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in which the Nervo-Muscular apparatus constitutes the essential part 
of the organism, a powerful demand for Respiration is created by its 
activity ; the amount of oxygen taken-in, and of carbonic acid exhaled, 
being determined, cceteris paribus^ by the degree in which this apparatus 
is exercised. — That Carbonic acid is set-free ready-formed by the muscles, 
and is not exclusively generated by the oxidation of the products of their 
disintegration after the reception of these into the blood-current, has been 
shown by the experiments of Dr. G. Liebig;* who found that carefully- 
prepared frogs’ muscles absorb oxygen and exhale carbonic acid so long 
as their contractility lasts, even when they have been completely deprived 
of blood. So that, in this instance, as probably in all others of its kind, 
the first interchange of gases takes place in the parenchyma of the organs 
themselves, — oxygen being drawn by them from the blood, and carbonic 
acid being imparted to it ; and the converse change must be as constantly 
effected in the lungs, in order that the circulating medium may be main- 
tained in the requisite state of purity. 

259. Besides these sources of Carbonic acid which are common to all 
Animals, there is another which is restricted (or nearly so) to the two 
highest classes. Birds and Mammals ; these being distinguished by their 
power of maintaining a constantly-elevated temperature. A part of this 
Heat is generated by the oxygenation of the components of their disin- 
tegrating tissues, and of their blood, the metamorphosis of which takes place 
at a very rapid rate ; but where this is not sufficient, their power of main- 
taining their temperature depends upon the direct combination of certain 
elements of the food with the oxygen of the air, by the combustive pro- 
cess. — The quantity of carbonic acid that is generated directly from the 
elements of the food, seems to vary considerably in different animals, and 
in different states of the same individual. In the Carnivorous tribes, 
which spend the greater part of their time in a state of activity, it is pro- 
bable that the quantity which is generated by the waste or metamorphosis 
of the tissues is sufficient for the maintenance of the required tempera- 
ture ; and that little or none of the carbonic acid set-free in respiration, 
is derived from the direct combustion of the materials of the food. But 
in Herbivorous animals of comparatively inert habits, the amount of 
metamorphosis of the tissues is far from being sufficient ; and a large 
part of the food, consisting as it docs of substances that cannot be applied 
to the nutrition of the tissues, is made to enter into direct combination 
with the oxygen of the air, and thus to compensate for the deficiency. 
In Man and other animals, which can sustain considerable variations of 
climate, and can adapt themselves to a great diversity of habits, the 
quantity of carbonic acid formed by the direct combination of the 
elements of the food with the oxygen of the air, will differ extremely 
under different circumstances. It will serve as the complement of that 
which is formed in other ways ; so that it will diminish with the increase, 
and will increase with the diminution, of muscular activity. It will also 
vary in an inverse ratio to the external temperature, increasing with its 
diminution (as more heat must then be generated), and diminishing 
with its increase; the effect of external heat being thus precisely 
opposite, in the warm-blooded animal, to that which it exerts on the 


* “Bericbt d. Akad. d. Wissensch. zu BerliD,” 1860, |§ 839-847. 
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cold-blooded (§ 257). — In all cases, if a sufficient supply of food be not 
furnished, the store of fat is drawn upon ; and if this be exhausted, the 
animal dies of cold. 

260. To recapitulate, then, the sources of Carbonic Acid in the animal 
body are threefold. — i. The continual decay of the tissues common to all 
organized bodies, which is favoured by whatever promotes their vital 
activity, and is retarded by every influence that depresses it. — ii. The 
metamorphosis peculiar to the Nervous and Muscular tissues, which is 
the very condition of the production of their power, and which therefore 
bears a direct relation to the degree in which they are exerted. — iii. The 
direct conversion of the carbon and hydrogen of the food into carbonic 
acid and water, which is peculiar to warm-blooded animals ; and which 
varies in quantity, in accordance with the amount of heat to be generated. 

261. The activity of the process of Eespiration in any Animal, is, as a 
general rule, in direct proportion to the smallness of the Corpuscles of its 
Blood; for these, as has already been shown (§ 168), are the carriers of 
oxygen ; and it is evident that a given weight of smaller globules will 
offer a larger surface for the absorption of oxygen, than an equal weight 
of larger corpuscles. Hence in Pishes and Eeptiles, which possess large 
corpuscles, the provision for the aeration of the blood is much less per- 
fect, and the amount of oxygen absorbed, and of carbonic acid eliminated 
is considerably smaller, than in the case of Mammals and Birds, the cor- 
puscles of whose blood are remarkably minute. At the same time the 
size of the lungs in the latter classes is far less in proportion to their bulk 
than in most Eeptiles ; but this diminution is more than compensated by 
the minute subdivision of their cavities, by the peculiarity of the distri- 
bution of their blood-vessels, and by the arrangements whereby a 
continual and rapid interchange, both of the blood and of the air, is 
provided-for. — The following are the points of most importance in the 
structure of the Human Lung.* The walls of the bronchial tubes contain 
distinct longitudinal and circular layers of fibrous structure; but the 
latter alone, according to Prof. KoUiker, contain muscular fibre-cells. 
These tubes divide and subdivide, like the branches of a tree, still 
retaining their ordinary characters, until they are no .more than from 
l-50th to l-30th of an inch in diameter; and in these the longitudinal 
and annular fibres, together with the ciliated epithelium, come to an 
abrupt termination. At a short distance from this point (a. Fig. 67) each 
tube terminates in a slight dilatation (&), into which open a number of 
orifices leading into somewhat elongated cavities (c) termed by Dr. 
Waters! “ Air-sacs.” From six to eight or ten of these sacs are clustered 
round the extremity of every bronchial tube : they possess exceedingly 
delicate walls, and do not appear to communicate with one another, 
otherwise than by their common origin from the bronchial tube.J They 

* For an account of the principal forms of Respiratory apparatus among the lower 
Animals, see Pkinc. of Comp. Phys.” chap. vi. ; also the Memoir by Mr. Rainey in the 
“ Med.-Chirurg. Trans.,” vol. xxviii.; and Prof. Kolliker’s ‘^Manual of Human Micro- 
scopic Anatomy,” 1860, Lond. For excellent general accounts of the structure of the 
Human Lung, see Waters’s Fothergillian Essay,” London, 1860; and Williams in 
the Supplement of the “ Cycl. Anat. and Physiology.” 

f *‘The Human Lung,” Fothergillian Prize Essay, 1860, p. 133 et seq. 

$ According to Dr. Williams, however, the passages corresponding to Dr. Waters’s air- 
saos intercommunicate freely with one another, though not with those springing from 
other bronchial tubes. 
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Fig. 67. 



Fig. 68. 


generally increase slightly in size towards their closed extremity, and 
often bifurcate. The internal surface of every sac, and even of the 
bronchial tube for a short distance before it ter- 
minates, presents an alveolated or honeycombed 
appearance. These minute depressions {d) constitute 
the Air-vesicles of the Lung, and from ten to twenty 
may be counted on the interior of each air-sac. 

262. The walls of the air-vesicles are formed 
of a very thin and transparent membrane (Fig. 

68, c), which is folded sharply at the orifices of 
communication, so as to form a very definite border 
to them ; and which is lined by an epithelial 
layer (a),* composed of minute polygonal cells 
of from l-1600th to l-2250th of an inch in diameter, and from l-2800tli 
to 1 -3800th of an inch in 
thickness^ Between the air- 
vesicles is a kind of trabecu- 
lar tissue, which seems to be 
almost entirely composed of 
yellow elastic fibres (b ) ; and 
some of these fibres also 
coalesce witli the lining mem- 
brane, so as to impart to it 
increased strength; this being 
especially the case around 
the apertures of communica- 
tion between the contiguous 
air-cells. It is only between 
the lobular groups of air- 
vesicles that connective tissue 
exists in any appreciable 
quantity. — The diameter of 
the Human air-cells is about 
twenty times greater than 
tliat of the capillaries which 
are distributed upon their 
parietes ; varying (accord - 
mg to the measurement of 
Weber) from the 1 -200th 
to the l-70th of an inch.f 
The capillary plexus (Fig. 

69) is so disposed between the two layers which form the walls of 
two adjacent air-cells, as to expose one of its surfaces to each ; by which 
provision the full influence of the air upon it is secured. The net- 



Air-eells of Human Lunq^ with intervening tissues • 
a, epithelium ; b, elastic trabeculse ; c, membranous wall, 
with hue elastic fibres. 


* The presence of this layer of epithelium has been much contested, and many eminent 
authorities may be cited on both sides. See Zenker (“ Beitrage zur Anatomie der Lunge,” 
Dresden, 1862, p. 11), who positively denies its existence. 

+ The dimensions given by Moleschott (“ De Vesiculis Pulinonum Malpighianis”) are 
veiy much less than these ; the range of diameter being stated by him at between 1-1 20th 
and l-1200th of an inch. The Author’s own observations, however, lead him to regard 
Weber’s statement as very near the truth ; and that of Prof. Kolliker is almost precisely 
the same. 
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work of vessels is so close, that the diameter of the meshes is scarcely so 
great as that of the capillaries which enclose them ; indeed it would 
be impossible to conceive of a method, by which blood, whilst 
still retained within vessels, should be spread over a larger sur- 
face for aeration. And if not 
restricted within vessels, it could 
not be ceaselessly and rapidly 
driven- on by the propulsive 
power of the heart, which acts 
no less efficiently upon the pul- 
monary circulation than upon 
the systemic, although the force 
exerted is much inferior, the 
resisting power being far less, 
in consequence of the shortness 
of the circuit. 

263. The fibrous coat of the 
bronchial tubes j)Ossesses a con- 
siderable amount of muscular 
contractility, which (according 
to the experiments of Dr. C. 
J. B. Williams* * * § ) may be excited by electrical, chemical, or mechani- 
cal stimuli, applied to themselves. This contractility resembles that 
of the intestines or arteries, more than that of the voluntary muscles 
or heart ; the contraction and relaxation being more gradual than that of 
the latter, though less tardy than that of the former. It is chiefly mani- 
fested in the smaller bronchial tubes, those of less than a line in diameter 
having been seen to contract gradually under the stimulus of galvanism, 
until their cavity was nearly obliterated ; on the other hand, in the trachea 
and the larger bronchi, the cartilaginous rings prevent any decided dimi- 
nution in the calibre of the tubes, and the muscular structure is much 
less distinct. It is doubtful whether the contractility can be called into 
play by irritation of the Pneumogastrics ; Yolkmann']* and LongetJ 
affirming that it can, whilst Rosenthal§ and Rugenberg|| maintain that 
if a manometer be inserted into the trachea, irritation of the peripheric 
extremity of the Vagus never produces any increase of pressure, which 
would certainly occur if the capacity of the bronchi diminished. It is 
remarked by Dr. Williams, that the contractility of the bronchial muscles 
is soon exhausted by direct stimulation ; but that it may in some 
degree be restored by rest, even when the lung is removed from the 
body. When the stimulation is long continued, however, as by intense 
irritation of the mucous membrane during life, the contractile tissue 
passes into a state which resembles the tonic contraction of muscular 
fibre. The contractility is greatly affected by the mode of death, and is 
remarkably diminished by the action of vegetable narcotics, particularly 
stramonium and belladonna ; whilst it seems to be scarcely at all affected 

* Report of the British Association for 1840,” p. 411. 

f “Wagner's Handworterbuch,” band ii., Art. * Nervenphysiologie,’ p. 586. 

t ‘‘ Anat. et Physiol, du Systeme Nerveux,” tom. ii. p. 289. 

§ “ Die Athembewegnngen,” p. 232. 

jj “Studien des Phye. Institut zn Breslau,” 1863, p. 47. 
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by hydrocyanic acid. — These facts are very important, as throwing light 
upon certain diseased conditions. It has long been suspected, that the 
dyspnoea of Spasmodic Asthma depends upon a constricted state of the 
smaller bronchial tubes, excited through the nervous system, frequently 
by a stimulating cause at some distance ; and there can be now little 
doubt that such is the case. The peculiar influence of stramonium and 
belladonna, in diminishing the contractility of these fibres, harmonises 
remarkably with the well-known fact of the relief frequently afforded by 
them in this distressing malady. It seems not improbable that this 
contractility of the bronchial tubes may serve to regulate the supply of 
air to the lobules, in accordance with the wants of the system, just as the 
contractility of the minute arteries regulates the supply of blood to the 
organs to which they proceed; and it may possibly be through this 
channel, that the remarkable variation is effected in the amount of re- 
spiration, which adapts the quantity of heat produced to the depression 
of the external temperature (§ 259). It has been further suggested by 
Dr. W. T. Gairdner,* that the contractility of the smaller bronchi may 
serve to expel collections of mucus which have accumulated in them, and 
which neither ciliary action nor the ordinary expiratory efforts suffice 
to displace. t 

264. Although there is no sufficient reason to believe thg-t the Lungs 
are possessed of any power of vital contractility, yet their Elasticity 
prevents them from being altogether passive agents in the respiratory 
operation. The elastic tension is rapidly increased by the dilatation of 
the lungs with air;J and the carefully-conducted experiments of Dr. 
Hutchinson § lead him to estimate it at certainly not less than ^Ib. upon 
each square inch of surface, when the lungs have been filled by the deepest 
possible inspiration; so that its whole amount (reckoning an average 
surface of 300 sq. in. for the male, and 247 sq. in. for the female) will be 
not less than 150 lbs. for the male, and 123| lbs. for the female. This 
force is exerted in aid of the f'.r{)iratory movement, and is directly anta- 
gonistic to the mspiratory ; so that the inspiratory muscles must over- 
come it, in order to produce complete distension of the pulmonary cavities. 
This distension is entirely accomplished by the action of the muscles 
external to the thorax, or partly forming its parietes. 

265. The mechanism of the respiratory acts may be rendered clearly in- 
telligible by the accompanying diagram, in which the trachea and lungs (5, 
6, Fig. 70) are enclosed in a glass vessel with three openings. The lower 
opening (2) is closed by a bladder or piece of caoutchouc, representing the 
diaphragm, and capable of being either pushed into the cavity of the vessel 
or of being drawn down by a weight. The upper opening is closed by a 

* '^Edinburgh Monthly Journal,” May, 18.51, 

t Tt has been maintained by Dr. Radclyflfe Hall (** Transactions of Provincial Medical 
Association,” 1850), that the contractility of the bronchial tubes is called into action in 
each expiratory movement, to assist in emptying the lungs. But no evidence has been 
adduced in support of this doctrine ; and its improbability is apparent from the obvious 
fact, that a contraction of the air-tubes would impede, rather than promote, the emptying 
of the air-vesicles. 

t Bonders estimates the expiratory force derived from the elasticity and muscular 
tension of the Lungs, and coming into play in ordinary respiration, as equal to a column 
of mercury about l-3rd of an inch in height. See his Essays in Henle and Pfeuffer’s 
“ Zeitsch.,” band iii. andiv. 

§ “Cycloptedia of Anatomy,” Art, ‘Thorax,’ vol. iv. p. 1058. 
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cork, through which a glass tube (4), firmly attached to the trachea, passes. 
The lateral opening (7) is connected with a manometer (c, d) by a tube 
Ti), having a small lateral branch (a) opening to the air. If the openings 
(a and 4) be now stopped whilst the bladder is extended by the weight 
(3), the rarefaction of the air in the glass vessel will be made apparent 
by the rise of the mercury in the arm (c) of the manometer. It is 
obvious that the pressure of the air within and without the lungs will be 
different, and consequently, on opening the orifice of the tube (4) air 



Apparatus constructed by Donders to show the Mechanism of the Respiration 


will rush through it and the trachea to equalize the pressure as far 
as the elasticity of the lung will permit. Such, with the excep- 
tion that in the living body no air intervenes between the sur- 
face of the lung and the walls of the thorax, and therefore no rare- 
faction, but only a tendency to a vacuum occurs, are the condi- 
tions present in the ordinary act of inspiration. On the contrary, 
with &e same exception, the act of expiration may be imitated by 
pushing the bladder into the vessel ; for then the pressure on the exterior 
of the lungs will be increased, the mercury in the arm (c) of the 
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manometer will descend, and, aided by their own elasticity, the lungs 
will contract upon and drive out the air contained within their 
cavities. 

266. The complete dependence of the expansion of the Lungs upon the 
enlargement of the cavity of the chest, is well shown by the effect of 
admission of air into the pleural cavity. When an aperture is made on 
either side (as by removing the finger from the orifice of the tube a in 
the apparatus represented in Fig. 70), so that tlie air rushes-in at each 
inspiratory movement, the expansion of the lung on that side is diminished, 
or entirely prevented, in proportion to the size of the aperture. If air 
can enter through it more readily than through the trachea, an entire 
collapse of the lung takes place ; and by making such an aperture on 
each side, complete asphyxia is produced. But if it be too small to admit 
the very ready passage of air, the vacuum produced by the inspiratory 
movement is more easily filled by the distension of the lungs, than by the 
rush of air into the pleural cavity ; so that a sufficient amount of change 
takes place for the maintenance of life. This is frequently observed in 
the case of penetrating wounds of the thorax, in the surgical treatment 
of which it is of great importance to close the aperture as completelv as 
possible ; when this has been accomplished, the air that had found its 
way into the cavity is soon absorbed, and the lung resumes its full play. 
Where one lung is obstructed by tubercular deposit, or is prevented in 
any other way from rightly discharging its function, an opening that freely 
admits air into the pleural cavity of the other side is necessarily attended 
with an immediately -fatal result ; and in this manner it not unfrequently 
happens that chronic pulmonary diseases suddenly terminate in Asphyxia, 
a communication being o]:)ened by ulceration between a bronchial tube 
and the cavity of the thorax. 

267. Of the Respirator if Movements. — Every complete act of respiration 
may be divided into — 1, Inspiration ; 2, Pause, often absent and always 
of short duration ; 3, Expiration ; 4, Pause, which according to Vierordt* 
is about equal to one-fifth of the entire period occupied by each act of 
respiration. Sibson, Yierordt, and others have established ex 2 )erimen tally 
that the duration of the inspiration is to that of expiration as 10 : 14 in 
the child, female, and old person ; and as 10 : 12 in the adult male. In 
ordinary tranquil breathing (especially in children), the action of the 
diaphragm is alone nearly sufficient to produce the necessary exchange 
of air ; but, when a full inspiration is required, the cavity of the chest is 
dilated laterally and antero-posteriorly, as well as infcriorly. The en- 
largement of the chest in both these directions is effected by the elevation 
of the ribs ; for whilst, in the undilated state of the thorax, the ribs form 
an angle with their cartilages, which become less and less obtuse as we 
pass from the first rib downwards, the elevation of the ribs tends to bring 
them and their cartilages more nearly into a line, and thus separates them 
more widely from the median plane, and at the same time causes them 
to push forwards the sternum. Owing to the greater length of the lower 
true ribs, and the greater obliquity of their junction with their cartilages, 
both these changes are more considerable in the lower part of the thorax 
than in the upper ; and this is especially the case in adult men, whose 
respiration has been designated as ‘ inferior costal,’ whilst in females the 

* Physiologie,” p. 156. 
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mobility of the first rib and of the whole of the upper part of the 
thorax is greater, so that their respiration may be designated as * su- 
perior costi.’ — The thoracic muscles whose contraction participates in 
the ordinary movements of Inspiration, are, according to Dr. Hutchin- 
son,* the external intercostal, with those portions of the internal in- 
tercostals which pass between the cartilages, the levatores costarum, and 
a portion of the triangularis sterni, all of which have the same action, 
that of elevating the ribs. On the other hand, the thoracic Expiratory 
muscles are the proper costal portion of the internal intercostals, with 
the infracostals, and a part of the triangularis sterni. The expiratory 
movement will be assisted also by the abdominal muscles, which antago- 
nize the diaphragm by pressing-back the abdominal viscera, and thus 
causing its ascent so soon as it has become relaxed. There are many 
accessory muscles, however, which take a share in violent respiratory 
movements, both inspiratory and expiratory. Thus all the muscles which 
elevate the scapula, may act through it upon the ribs, and the scaleni 
act directly upon the first rib ; whilst all those which erect the spine, fix 
more perfectly the origins of these and other muscles which are to act 
upon the thorax. So, again, the expiratory movement is aided by the 
longissimus dorsi, sacro-lumbalis, and other muscles which tend to depress 
the ribs. In difficult respiration, almost every muscle in the body is 
made in some way subservient to the distension of the chest ; thus, a 
patient suffering under urgent dyspnoea instinctively lays hold of some 
fixed object, so as to prevent his upper extremities from moving ; and 
thus his scapula becomes a fixed point, from which the pectorales (major 
and minor) and serratus magnus can aid in elevating the ribs. 

268. The relative amount of muscular force which is required for these 
two movements respectively, is affected in a very remarkable manner by 
the elasticity of the walls of the thoracic cavity ; for this (like the elasticity 
of the lungs) supplies a force which greatly aids the eo^piratory move- 
ment, whilst it offers a corresponding opposition to the mspiratory. 
Here, also, the degree of force exerted increases very rapidly with the 
degree of distension. Thus in a body experimented-on by Dr. Hutch- 
inson,! following were the relations between the amount of air 
forced-in, the resisting elasticity, as shown by the height of mercury sup- 
ported, the actual pressure upon each square inch of surface which this 
indicated, and the total pressure over the surface of the chest, reckoning 
its area at 206 square inches : — 


Air forced in 

Pre»$wre in height 

Cubic inches. qfMercurg. 

70 Resisting elasticity 1*00 inch. 

Pressure 
per sq. in. 

7 '8 oz. 

Total 

Pressure. 

104*4 lbs. 

}) 

90 

„ 1*50 „ 

11*7 ,, 

150*6 „ 


180 

„ 8.25 „ 

25*3 „ 

326*3 „ 

>» 

200 

„ 4*50 „ 

35*1 „ 

451*9 „ 


To this 451*9 lbs. must be added at least 128 lbs. for the elastic force of 
the lungs themselves at that degree of distension, making altogether 
580 lbs. ; and as the subject of this observation could expire during life 
considerably more air than the highest amount forced into his chest afler 
death, there can be little doubt (judging from the rapid ratio in which 
the elastic force increases when the distension is approaching its limits) 

* Op. cit., p. 1055. t Op. cit., p. 1056. 
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tihat the muscular power required to overcome this, towards the close of 
a very deep inspiration, could not have been less than 1000 lbs. The 
co-operation of the elastic resistance with the expiratory movement, and 
its antagonism to the inspiratory, is doubtless the principal cause why the 
power of the expiratory muscles, as tested by the height of the column of 
mercury supported by the air, should always be greater than that of the 
inspiratory muscles;* and why the expiratory power should be very much 
greater when the chest has been well filled with air, than when it is com- 
paratively empty. The following is given by Dr. Hutchinson as the range 
through which these powers may vary within the limits of health : — 


Potoer of Power of 

Inspiratory Mmclea. Expiratory Muscles, 

1*5 inch. Weak 2*0 inches. 

2-0 ,, Ordinary 2*5 „ 

4*5 ,, Remarkable 5'8 „ 

7*0 ,, Very extraordinary . 10*0 „ 


The expiratory power may be augmented by the habitual performance of 
movements in which they participate ; and thus the inspiratory power is 
the preferable test of the vis vitce. This has been found by Dr. Hutchin- 
son to bear some relation to height, being greatest (on an average of a 
considerable number of cases) when the stature is 5 feet 7 or 8 inches ; 
and diminishing above that height, as well as below it. 

269, It is impossible to form a correct estimate, by observations on 
one’s-solf, of the usual number and extent of the respiratory movements; 
since the direction of the attention to them is certain to increase their 
frequency and amount. In general it may be stated, that from 16 to 20 
alternations usually occur in a minute ;f of these, the ordinary inspira- 
tions involve but little movement of the thorax ; but a greater exertion 
is made at about every fifth recurrence. According to Quetelet, the infant 
at birth breathes — 

44 times per minute. 


At 5 years of age 26 

„ 15 to 20 20 

„ 20 ,, 25 18*7 

„ 25 „ 80 16 

„ 30 „ 50 18*1 


The average numerical proportion of the respiratory movements to the 
pulsations of the heart, is about 1 : 5, 1 : 4|, or 1 : 4 ; and when this pro- 
portion is widely departed-from, there is reason to suspect some obstruc- 
tion to the aeration of the blood, or some disorder of the nervous system. J 

* See Dr. Hutchinson, Op. cit., p. 1061. 

+ See Dr. Hutchinson’s Table, in Cyclop, of Anat. and Phys.,” vol. iv. p. 1085. 

t v. Ghert has shown that, during violent exertion, the respirations increase in frequency 
more than the pulsations ; but that in the subsequent period of rest, the increased acti- 
vity of the cardiac movements is more persistent than that of the respiratory. Donders 
(“Physiol.,” 2 Aufl. band i. § 128) and Mdeschott and Moriggia have experimentally 
proved, that though there is generally a close connection in the rhythmical performance 
of these two acts, yet that this is by no means necessary or constant, for it was possible 
to obtain, on irritation of the centric extremities of the cut Vagi, an increase in the num- 
ber of pulsations, with a stoppage of the diaphragm, either in expiration or inspiration, 
or, vice versd^ diminution of the pulse and acceleration of the breathing : effects which 
they attempt to explain on the supposition that the irritation, carried to the Vagal 
Centrum, is reflected downwards, either through the Phrenics upon the Diaphragm, or 
through the Cardiac nerves, upon the Heart, sometimes calling one and sometimes the 
other chiefly into play. (Moleschott’s “ Uhters.,” band ix. 1868, p. 172.) 

T 
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Thus in Pneumonia, in which a greater or less amount of the lung is unfit 
for its office, the number of respirations increases in a more rapid pro- 
portion than the acceleration of the pulse ; so that the ratio becomes as 
1 to 3, or even 1 to 2, in accordance with the degree of engorgement.* 
In Hysterical patients, however, a similar increase, or even a greater one, 
may take place without any serious cause ; thus Dr. EUiotsonj- mentions 
a case in which the respiratory movements of a young female, through 
nervous affection, were 98 or even 106, whilst the pulse was 104. On 
the other hand, the respiration in certain typhoid conditions and in 
narcotic poisoning becomes abnormally slow, owing to the torpid condition 
of the nervous centres, the proportion being 1 to 6, or even 1 to 8 ; and 
in such cases, the lungs not unfrequently become cedematous, from a cause 
hereafter to be mentioned (§281). 

270. Not only the rate of the Respiratory movements, but also their 
extent, is affected by various morbid conditions ; thus when dislocation 
of the spine takes place above the origin of the intercostal nerves, but 
below that of the phrenic, so that the former are paralysed, the respira- 
tory movement is confined to the diaphragm : and as this is insufficient, 
serum is effused into the lungs, and a slow Asphyxia supervenes, which 
usually proves fatal in from three to seven days. Even where the muscles 
and nerves are all capable of action, the full performance of the inspira- 
tory movements is prevented by the solidification or engorgement of any 
part of the lung, which interferes with its free distension ; or by adhesions 
between the pleural surfaces, which offer a still more direct impediment. 
When these adhesions are of long standing, they are commonly stretched 
into bands, by the continual tension to which they are subjected. lf‘the 
impeding cause affect both sides, the movements of both will be alike 
interfered- with ; but if one side only be affected, its movements will be 
diminished, whilst those of the other remain natural ; and the physician 
hence frequently derives an indication of great value, in regard to the 
degree in which the lung has become incapable of performing its frinctions. 
It is to be remembered, however, that the action both of the diaphragm 
and of the elevators of the ribs may be prevented, by pain either in the 
muscles themselves or in the parts which they move ; thus the descent of 
the diaphragm is checked by inflammation of the abdominal viscera or of 
the peritoneum ; and the play of the intercostals by rheumatism, pleuritis, 
pericarditis, or other painful disorders of the parts forming the parietes 
of the thorax. 

271. We have now to inquire into the mode in which the Muscular 
movements of Respiration are kept-up by nervous power. — There can be 
no doubt that these movements, though partly under the control of the 
Will, are essentially ‘ automatic ’ in their nature. Their chief centres 
consist of two ganglia placed on either side of the point of the Calamus 
Scriptorius, and connected by a grey commissure : J corresponding there- 

* See a Paper by Dr. Hooker, on the 'Relation between the Respiratory and Circula- 
ting Functions/ in the “ Boston (N.E.) Medical and Surgical Journal an abstract of 
which will be found in the “British and Foreign Medical Review,” vol. iv. p. 268. 

t "Physiology,” p. 216, note, 

t See Longet (“ Physiologie,” 1861, vol. ii. p. 896), Flourens (“Comptes Rendus,” 
1861, p. 437, and 1868), Brown-S6quard (“Journal de la Physiologic,” vol. i. 1858, 
p. 282), Schiff (“Physiologie,” 1869, p. 823). 
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fore to the origins of the Pnenmogastric Nerves, which are the principal 
excitor nerves that convey the stimulus on which the movements are 
dependent, whilst from the adjacent parts of the Medulla Oblongata and 
Spinalis proceed the chief motor nerves by which they are carried into 
effect. And thus it happens that the whole of the Encephalon may be 
removed from above, and the Spinal cord (as far up as the origin of the 
phrenic nerve) from below, without suspending the most essential of the 
respiratory movements. But other parts of the automatic centres are 
concerned in the ordinary movements of respiration ; and there is pro- 
bably no part that may not be excited to action, by the extraordinary 
stimulus which results from a prolonged interruption to the aeration of 
the blood (§ 207). 

272. The chief excitor” of the respiratory movements is unquestion- 
ably the Pnenmogastric Nerve. But as the movements of respiration 
consist of an inspiratory and an expiratory act, each of which may be 
induced by its appropriate stimulus, so it appears that a double function 
is attributable to these nerves; and that whilst irritation of their pulmonary 
branches leads to contraction of the diaphragm, and therefore to an act of 
inspiration, irritation of the sensory branches of the superior laryngeal 
nerve induces relaxation of the diaphragm and contraction of the expi- 
ratory muscles, as may be observed in the energetic act of expiration 
produced by the contact of a foreign body with the extremely sensitive 
lining membrane of the Larynx. — The effects of section of the Vagi 
appear to differ considerably in different animals. When made on one 
side, the effects are not constant ;**** but when the nerves are divided on both 
sides, according to the experiments of Dr. J. Reid,! the number of respi- 
ratory movements in dogs is considerably diminished, usually by about 
one-half. RosenthalJ found that after double section in pigeons the fre- 
quency of the respirations fell in the proportion of 8 : 1. The depth of 
each inspiration increased, however, as 1 : 2*5 ; the respiratory activity, 
therefore, was altogether diminished to about one-third of its original 
amount. The effect of the double section in rabbits was found both by 
Rosenthal and Gilchrist to be uncertain, though generally speaking there 
was no material alteration ; the diminution in the frequency of the acts 
being compensated for by a proportionate increase in the depth of each 
inspiration, which at the same time assumed a sudden and spasmodic 
character, with long intervening pauses. The trunks of the Pneumo- 
gastric Nerves are not endowed with much sensibility; for if pinched or 
pricked, the animal does not exhibit nearly such acute signs of pain as 
when the trunks of the ordinary spinal nerves or of the Fifth pair are 
subjected to similar treatment. The effects of the application of a feeble 
electrical stimulus to the central end of a divided Pnenmogastric nerve 
was observed by Rosenthal to be followed by slight acceleration of the 
respiratory movements, — in effecting which, both the inspiratory and 
expiratory muscles participated ; but if the stimulus were increased in 
strength, tetanus of the diaphragm supervened, followed, when the nerve 
was exhausted, either by complete relaxation of the muscle, or by a kind 
of vibratory movement in its fibres. 

* Gilchrist, ^‘Med.-Chir. Rev. 1858, vol. ii. p. 495. 

t “Edinb. Med. and Surg, Journ.,” vol. li. ; and “Phys., Anat., and Pathol. Res.,” 
p. 177. t ** Comptes Eendus,” 1861, p. 754. 
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273. The stimulus to the excitor activity of the pulmonary branches 
of the Pneumogastric nerves, has generally been considered to be the 
presence of venous blood in the capillaries of the lungs, or of carbonic acid 
in the air-cells (Marshall Hall) ; but the experiments of Traube appear 
to show that the proportion of carbonic acid in the blood has no direct 
influence on the number of the respiratory movements, since it may 
become greatly diminished without causing them to become feeble ; whilst, 
according to Regnault and Reiset, it may rise to an unusually high per- 
centage without making them more energetic. Hence it would appear 
that it is the deficiency of oxygen, rather than the presence of carbonic 
acid, which is to be regarded as the true stimulus to the respiratory 
movements; for the respiratory movements become weaker in proportion 
as there is more oxygen in the blood, and they cease altogether when 
the proportion rises to a certain amount. On the contrary, with the 
diminution of oxygen in the blood the respiratory movements become 
stronger, provided that the function of the respiratory centres is not too 
seriously impaired. 

274. But why (it may be asked) do the movements continue, when the 
Pneumogastrics have been divided, and the Encephalon has been removed ? 
It is evident that there must be other excitors to the action of the respi- 
ratory muscles. Amongst these, the nerves distributed to the general 
surface, and particularly to the face, probably perform an important part ; 
and in exciting the first inspiration, the Fifth pair seems the principal 
agent. It has long been a well-known fact, that the first inspiratory 
effort of the new-born infant is most vigorously performed when the cool 
external air comes into contact with the face ; and that impressions on 
the general surfiice, such as a slap of the hand on the nates, are often 
effectual in exciting the first insj)iratory movements, when they would not 
otherwise commence. Dr. M. Hall relates an interesting case, in which 
the first inspiration was delayed, simply because the face was protected 
by the bed-clothes from the atmosphere;* and, on lifting-up these, the in- 
fant immediately breathed. Dr. M. Hall has also mentioned the important 
fact, that although, if tlie cerebrum be removed, and the pneumogastrics 
divided, in a young kitten, the number of acts of respiration will be 
reduced to four in a minute, yet by directing a stream of air on the 
animal, or by irritating various parts of the general surface, we may 
excite twenty or thirty acts of respiration within the same space of time. 
He further remarks that in the very young warm-blooded animal, as in 
the cold-blooded animal, the phenomena of the excito-motor power are 
far more vividly manifested than in the older and warm-blooded. In 
the very young kitten, even when asphyxiated to insensibility, every 
touch, contact, or slight blow, every jar of the table, any sudden im- 
pression of the external air, or that of a few drops of cold water, induces 
at once energetic reflex movements and acts of inspiration. This may 
be looked upon as Nature’s provision for the first establishment of the 
respiratory function in the new-born animal. — But the influence of the 
nerves of the general system is by no means wanting in the adult ; as 
many familiar facts demonstrate. Thus every one knows that the 
first plunge into cold water, or the first descent of the streams of the 


* “ New Memoir on the Tme Spinal Marrow,” &c., p. 29. 
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shower-bath, or even the dashing of a glass of cold water in the fece, will 
produce inspiratory efforts ; and this fact has many important practical 
applications. Thus in the treatment of Asphyxia, whether congenital, 
or the result of narcotic poisoning, drowning, <fec., the alternate appli- 
cation of cold and heat is found to be one of the most efficacious means 
of restoring the respiratory movements; and a paroxysm of hysteric 
laughter may be cut-short by dashing a glass of cold water in the face. 
One of Dr. Keid’s experiments strikingly demonstrates the variety of the 
provisions that have been made for the performance of this function. After 
dividing the pneumogastrics, and removing the cerebrum and cerebellum, 
he divided the spinal cord high-up in the neck, so as to cut-off the com- 
munication between the spinal nerves and the Medulla Oblongata ; and he 
foimd that the frequency of the respiratory movements was still further 
diminished, although they were not even then entirely suspended ; their 
continuance, after every channel of excitation appeared to have been cut 
off, being probably dependent (as he himself suggested) on the circulation 
of imperfectly-aerated blood in the Medulla Oblongata. M. Brown- 
S^quard* has lately paid particular attention to the rhythmical movements 
of the Diaphragm in Rabbits, which are observed to occur after section 
of the phrenic nerves, and even after destruction of the entire Spinal Cord. 
He attributes them to the minute ganglia, described by Rouget, which are 
found on the filaments of the Phrenic nerve. It is very remarkable that 
after such serious injury to the nervous system, the two sides of the 
Diaphragm, which arc chiefly connected by tendon, should act synchro- 
nously ; and also that the inspiratory movements of the Diaphragm should 
regularly alternate with those of the expiratory muscles, which in Rabbits 
are chiefly the external oblique muscles of the abdomen. — It seems not 
improbable that even the Sympathetic nerve, which derives many fila- 
ments from the Cerebro- Spinal system, and which especially communi- 
cates with the Pneumogastric nerves, may be one of the excitors to this 
function; and this, perhaps, not only through its ramifications in the 
lungs, which are considerable, but also by its distribution on the systemic 
vessels ; so that it may convey to the Spinal Cord the impression of 
imperfectly-arterialized blood circulating through these, such as the 
Pneumogastric is believed to transmit from the lungs. 

275. The motor or ‘efferent’ nerves concerned in the function of 
Respiration, are those which Sir C. Bell has grouped-together in his 
‘ respiratory system.’ The most important of these, the Phrenic, arises 
from the upper part of the Spinal Cord ; the Intercostals much lower , 
down ; whilst the Facial nerve and the Spinal Accessory, to the latter of 
which, as will be shown hereafter (chap. xi. Sect. 2), the motor powers 
of the Pneumogastric are chiefly due, take their origin in the Medulla 
Oblongata itself. 

276. That the respiratory movements, as ordinarily performed, are 
essentially independent of the WiU, appears not only from our own con- 
sciousness, but also from cases of paralysis ; in some of which the power 
of the will over the muscles has been lost, whilst the movements have 
been kept-up by the reflex action of the MeduUa Oblongata or respiratory 
ganglion ; whilst in others, some of the respiratory muscles have been 


* “ Journ. de la Physiol.,” t. ii. p. 115. 
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motionless during ordinary breathing, and yet have remained under the 
power of the will.* * * § That consciousness is not a necessary link in the 
chain of causes which produce the respiratory movements, we are enabled 
to judge from the phenomena presented by the human being in sleep and 
coma, by anencephalous fostuses, and by decapitated animals. This con- 
clusion is confirmed by a case recorded by Dr. H. Ley,t who had under 
his care a patient in whom the pneumogastrics appeared to be diseased ; 
the lungs suffered in the usual way in consequence, and the patient had 
evidently laborious breathing; but he distinctly said that he felt no 
uneasiness in his chest. — The experience of every one informs him, how- 
ever, that the Respiratory movements are partly under the control of the 
will, though frequently unrestrainable by it. In ordinary circumstances, 
when the blood is being perfectly aerated, and there is a sufficient amount 
of arterial blood in the system to carry-on the functions of life for a short 
time, we can suspend the respiratory actions during a few seconds without 
any inconvenience. If, however, we endeavour to prolong the suspension, 
the stimulus conveyed by the excitor nerves to the Medulla Oblongata 
becomes too strong, and we cannot avoid making inspiratory efforts ; and 
if the suspension be still further prolonged, the whole body becomes 
agitated by movements which are almost of* a convulsive nature, and no 
effort of the wiU can then prevent the ingress of air.J It is easy to 
imderstand why, in the higher animals at least, and more especially in 
Man, the respiratory actions should be thus placed under the direction 
of the will : since they are subservient to the production of those Sounds, 
by which individuals communicate their feelings and desires to each 
other; and which, when articulate, are capable of so completely ex- 
pressing what is passing in the mind of the speaker. 

277. The motor power of the Respiratory nerves is exercised, however, 
not only on the muscles which perform the inspiratory and expiratory 
movements, but on those which guard the entrance to the windpipe, and 
also on some other parts. Between the superior and inferior Laryngeal 
nerves there is an important difference, which anatomical and exj)erimental 
research has now very clearly demonstrated. It appears from the very 
careful and satisfactory observations and experiments of Dr. J. Reid,§ 
that, whilst the inferior laryngeal is the motor nerve of nearly all the 
laryngeal muscles, the superior laryngeal is an afferent nerve of extreme 
sensibility, conveying to the Medulla Oblongata the impressions made on 
its peripheral extremities. The motor endowments of the latter are 
limited to the crico-thyroid muscle, to which alone of all the muscles 
its filaments can be traced, the remainder being distributed beneath the 

* Such cases are mentioned by Sir C. Bell, in the Appendix to his work on the 

Nervous System of the Human Body.” 

f ‘*On Laryngismus Stridulus,” p. 417. 

t It is asserted by M. Bourdon (“ Recherches sur le M6canisme de la Respiration,” 
p. 21), that no person ever committed suicide, though many have attempted to do so, by 
simply holding the breath ; the control of the will over the respiratory muscles not being 
sufficiently great to antagonize the stimulus of the “ besoin de respirer,” when this has 
become aggravated by the temporary cessation of the action. But such persons have 
succeeded better by holding the face beneath the surface of water ; because here another 
set of muscles is called into action, which are much more under the control of the will 
than are those of respiration ; and a strong volition applied to these can prevent all access 
of air to the lungs, however violent may be the inspiratory efforts. 

§ “Bdinb. and Surg. Joum.,” Jan. 1838 ; and ‘*Anat., Physiol., and Pathol. 
Res.,” chap. iv. 
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mucoiw surface of the larynx ; and its sensibility is very evident, when 
it is pinched or irritated during experiments upon it. On the other hand, 
the motor character of the inferior laryngeal branch is shown by its very 
slight sensibility to injury, by its nearly exclusive distribution to muscles, 
and by its influence in exciting contraction of these when its separated 
trunk is stimulated. 

278. It was also ascertained by Dr. J. Reid,* that, if the inferior 
laryngeal branches be divided, or the trunk of the pneumogastric be cut 
above their origin from it, no constriction of the glottis follows, but a 
paralysed state of its muscles. After the first paroxysm occasioned by 
the operation, a period of quiescence and freedom from dyspnoea often 
supervenes, the respirations being performed with ease so long as the 
animal remains at rest ; but an unusual respiratory movement, such as 
takes place at tlie commencement of a struggle, induces immediate symp- 
toms of suffocation, — the current of air carrying inwards the arytenoid 
cartilages, which are rendered passive by the paralysed state of their 
muscles ; and these, falhng upon the opening of the glottis, like valves, 
obstruct the entrance of air into the lungs. The more effort is made, 
the greater will be the obstruction : and accordingly, it is generally 
necessary to counteract the tendency to suffocation, when it is desired 
to prolong the life of the animal after this operation, by making an 
opening into the trachea. Dr. Reid further ascertained, that the appli- 
cation of a stimulus to the inferior laryngeal nerves, when separated 
from the trunk, would occasion distinct muscular contractions in the 
larynx ; whilst a corresponding stimulus applied to the superior laryn- 
geal occasioned no muscular movement, except in the crico-thyroid 
muscle. But when the superior laryngeals were entire, irritation of the 
mucous surface of the larynx, or of the trunks themselves, produced 
contraction of the glottis and efforts to cough ; effects which were at 
once prevented by dividing those nerves, and thereby cutting-off their 
communication with the Medulla Oblongata. The observations of Dr. 
Reid have been fully corroborated by those of Rosenthal, who found in 
addition, that, if the superior laryngeal nerves were carefully isolated and 
stimulated with weak induction currents, the respirations fell in frequency, 
chiefly in consequence of the prolongation of the pause ; and if the strength 
of the current were somewhat increased, complete relaxation of the dia- 
phragm occurred. The strength of the current to produce these effects 
must, however, be much less considerable than is required to produce 
increase of respiratory activity and tetanus of the diajdiragm, when 
applied to the trunk of the Pneumogastric, on account of the extreme 
sensibility of the superior laryngeal nerve. The inhibitory influence 
upon the respiratory function, and especially upon the movements of the 
diaphragm, thus attributed by Rosenthal to the superior laryngeal 
branches of the Pneumogastric nerve, is so far different from that of the 
Cardiac and Splanchnic branches of the same nerve — whose controlling 
power over muscular movements has been already alluded to — ^that it 
acts centripetally on the Medulla Oblongata, and not, like them, centri- 
fugally. There can be no doubt, then, that the superior and inferior 
laryngeal branches constitute the circle of incident and motor nerves, by 

♦ Op. cit. 

t Rosenthal, “ Die Atbembewegnngen and ibren Beziebungen znm Nerv. Vagus,’’ 
Berlin, 1862 j and “ Arcbfr f. Anat. und rhysiol.,” 1862, p. 226. 
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which the aperture of the glottis is governed, and by which any irrita- 
tion of the larynx is made to close the passage, so as to prevent the 
entrance of improper substances; whilst the superior laryngeal nerve 
also excites the muscles of expiration, so as to cause the violent ejection 
of a blast of air, by which the offending gas, fluid, or solid, may be 
carried-off. The effect of carbonic acid in causing spasmodic closure of 
the glottis is well known ; and affords a beautiful example of the protec- 
tive office of this system of nerves. — The mucous surface of the trachea and 
bronchi appears, from the experiments of Valentin, to be endowed with 
excitability, so that stimuli applied to it produce expiratory movements ; 
and this evidently operates through the branches of the pneumogastric 
distributed upon the membrane. Here, as elsewhere, we find that a 
stimulus applied to the surface has a much more decided influence, than 
irritation of the trunk of the nerve supplying it. 

279. The actions of sighing^ yawning^ sobbing, laughing, coughing, and 
sneezing, are nothing else than simple modifications of the ordinary 
movements of respiration, excited either by mental emotions, or by some 
stimulus originating in the respiratory organs themselves . — Sighing is 
nothing more than a very long-drawn inspiration, in which a larger 
quantity of air than usual is made to enter the lungs. This is con- 
tinually taking place to a moderate degree ; and we notice it particularly 
when the attention is released, after having been fixed upon an object 
which has excited It strongly, and which has prevented our feeling the 
insufficiency of the ordinary movements of respiration. Hence this action 
is only occasionally connected with mental emotion. — Yawning is a still 
deeper inspiration, which is accompanied by a kind of spasmodic contrac- 
tion of the depressors of the lower jaw, and also by a very great elevation of 
the ribs, in which the scapulas partake. The purely voluntary character 
of this movement is sometimes seen, in a remarkable manner, in cases of 
palsy ; in which the patient cannot raise his shoulder by an effort of the 
will, but does so in the act of yawning. Nevertheless this act may be 
performed by the will, though not completely; and it is one that is 
particularly excited by an involuntary tendency to imitation, as every 
one must have experienced who has ever been in company with a set of 
yawners . — Sobbing is the consequence of a series of short convulsive con- 
tractions of the diaphragm ; and it is usually accompanied by a closure 
of the glottis, so that no air really enters. — In Hiccup, the same convulsive 
respiratory movement occurs, and the glottis closes suddenly in the 
midst of it ; the sound is occasioned by the impulse of the column of air 
in motion against the glottis. — In Laughing, a precisely reverse action 
takes place ; the muscles of expiration are in convulsive movement, more 
or less violent, and send-out the breath in a series of jerks, the glottis 
being open. This sometimes goes-on, until the diaphragm is more 
arched, and the chest is more completely emptied of air, than it could be 
by an ordinary movement of expiration. — The act of Crying, though 
occasioned by a contrary emotion, is, so far as the respiration is con- 
cerned, very nearly the same as the lafet. Every one knows the effect of 
mixed emotions, in producing an expression of them which is between 
a laugh and a cry.” — The greater part of the preceding movements 
seem to belong as much to the consensual or to the emotional, as to the 
excito-motor group of actions; for whilst they are sometimes the result 
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of peculiar states of the respiratory organs, or of the bodily ^stem 
in general, they may also be called-forth by influences which operate 
directly through the senses, or which excite the emotions. Thus, whilst 
Sighing and Yawning often occur as simple results of deficient aeration, 
they may be brought-on, — the former by a depressed state of the feel- 
ings, — ^the latter by the mere sight of the act in another person. The 
actions of Laughter and Crying seem never to originate in the respira- 
tory system; but to be always either expressions of the emotions, or 
simple results of sensations, — as when crying arises from the sense of 
pain, — and laughter from that of tickling. The origin of the act of 
Hiccup does not seem very clear ; but the movement is probably of a 
purely-reflex nature. 

280. The purposes of the acts of Coughing and Sneezing are, in both 
instances, to expel substances from the air-passages, which are sources of 
irritation there ; and this is accomplished in both, by a violent expira- 
tory effort, which sends-forth a blast of air from the lungs. — Coughing 
occurs when the source of irritation is situated at the back of the mouth, in 
the glottis, trachea, or bronchial tubes. The irritation may be produced 
by acrid vapours, or by liquids or solids, that have foimd their way into 
these passages ; or by secretions which have been poured into them in 
unusual quantity, as the result of disease ; or by the simple entrance of 
air (especially if cold), when the membrane is in a peculiarly irritable 
state. Any of these causes may produce an impression upon the exciter 
fibres of the Pneumogastrics, which, being conveyed to the Medulla 
Oblongata, gives rise to the transmission of a motor impulse to the several 
muscles, that combines them in the act of coughing. This act consists, — 
1st, in a long inspiration, which fills the lungs; 2nd, in the closure of 
the glottis and of the larynx at its upper orifice by the approximation 
of the epiglottis to the walls of the jjharynx (Ed. Smith), at the moment 
when expiration commences ; and 3rd, in the bursting open (as it were) of 
the glottis, by the violence of the expiratory movement ; so that a sudden 
blast of air is forced up the air-passages, carrying before it anything that 
may offer an obstruction. — The difference between Coughing and 
Sneezing consists in this, — that in the latter, the communication between 
the larynx and the mouth is partly or entirely closed by the drawing 
together of the sides of the velum palati over the back of the tongue ; so 
that the blast of air is directed, more or less completely, through the 
nose, in such a way as to carry-off any source of irritation that may be 
present there. — It is diflicult to say how far these actions are independent 
of consciousness, or how far they may require the stimulus of sensation 
for their performance. 

281. Various alterations are produced in the Lungs by section of the 
Pneumogastric nerves ; the inquiry into the nature and succession of 
which has been most carefully prosecuted by Dr. J. Reid;* and as his 
results have a very important bearing on several physiological and patho- 
logical questions of great interest, a summary of them will be here given. 
— In the first place, it has been fiiUy established by Dr. Reid, that 
section of the Vagus on one side only does not necessarily, or even gene- 
rally, induce disease of that lung ; and hence the important inference 
may be drawn, that the nerve does not exercise any immediate influence 

* Op. cit. 
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on its functions. When both Vagi are divided, however, the animal 
rarely survives long ; but its death frequently results from the disorder 
of the digestive functions. Nevertheless, the power of digestion is some- 
times restored sufficiently to re-invigorate the animals ; and their lives 
may then be prolonged for a considerable time (§ 72). In fifteen out 
of seventeen animals experimented-on by Dr. Keid, the lungs were found 
more or less unfit for the healthy performance of their functions. The 
most common morbid changes were a congested state of the blood-vessels, 
and an effusion of frothy serum into the air-cells and bronchial tubes. 
In eight out of the fifteen, these changes were strongly marked. In some 
portions of the lungs, the quantity of blood was so great as to render 
them dense. The degree of congestion varied in different parts of the 
same lung ; but it was generally greatest at the most depending portions. 
The condensation was generally greater than could be accounted-for by 
the mere congestion of blood in the vessels, and probably arose from the 
escape of the solid parts of the blood into the tissue of the lung. In 
some instances the condensation was so great, that considerable portions 
of the lung sank in water, and did not crepitate ; but they did not present 
the granulated appearance of the second stage of ordinary pneumonia. 
In five cases in which the animal had survived a considerable time, 
portions of the limgs exhibited the second, and even the third stages of 
pneumonia, with puriform effusion into the small bronchial tubes ; and 
in two, gangrene had supervened. — One of the most important points to 
ascertain in an investigation of this kind, is the first departure from a 
healthy state ; to decide whether the effusion of frothy reddish serum, by 
interfering with the usual change in the lungs, causes the congested state 
of the pulmonary vessels and the laboured respiration; or whether 
the effusion is the effect of a previously- congested state of the blood- 
vessels. The former is the opinion of many physiologists, who have 
represented the effusion of serum as a process of morbid secretion, 
directly resulting from the disorder of that function produced by the 
section of the nerve ; the latter appears the unavoidable inlerence from 
the carefully-noted results of Dr. Keid’s experiments. In several of 
these, only a very small quantity of frothy serum was found in the air- 
tubes, even when the lungs were found loaded with blood, and when the 
respiration before death was very laboured. This naturally leads us to 
doubt whether the frothy serum is the cause of the laboured respiration, 
and of the congested state of the pulmonary vessels, in those cases where 
it is present ; though there can be no doubt that, when once it is effused, 
it must powerfully tend to increase the difficulty of respiration, and still 
further to impede the circulation through the lungs. Dr. H. has satisfied 
himself of an important point which has been overlooked by others, 
namely, that this frothy fluid is not mucus, though occasionally mixed 
with it, but that it is the frothy serum so frequently found in cases 
where the circulation through the lungs has been impeded before death. 
From this and other facts. Dr. R. concludes “ that the congestion of the 
blood-vessels is the first departure from the healthy state of the lung, 
and that the effusion of frothy serum is a subsequent effect.”* 

* For an interesting paper on this subject, the conclusions in which appear to be 
essentially confirmatory of the results obtain^ by Dr. Reid, see v. Boddart, ‘‘ J ournal 
de la Phys.,” vol. v. 1862, pp. 442 and 527. This experimenter attributes all the 
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282. The next point, therefore, to be inquired-into, is the cause of 
this congestion ; and this is most satisfactorily explained, in accordance 
with the general laws of the Circulation (§ 248), by remembering that 
section of the Pneumogastrics greatly diminishes tiie frequency of the 
respiratory movements, and that the quantity of air introduced into the 
lungs is, therefore, very insufficient for the due aeration of the blood. 
There is now abundant evidence, in regard to the Pulmonary circulation 
in particular, that to prevent the adniission of oxygen in the lungs, 
either by causing the animal to breathe pure nitrogen or hydrogen, or 
by occlusion of the air-passages, is to bring the circulation through 
their capillaries to a speedy check. Hence we should at once be led 
to infer, that diminution in the number of Kespiratory movements would 
produce the same effect ; and as little or no difference in their frequency 
is produced by section of one Vagus only, the usual absence of morbid 
changes in the lung supplied by it is fully explained. The congestion 
of the vessels induced by insufficient aeration, satisfactorily accounts not 
only for the effusion of serum, but also for the tendency to pass into the 
inflammatory condition, sometimes presented by the lungs, as by other 
organs similarly affected. Dr. Keid confirms this view, by the particulars 
of cases of disease in the human subject, in which the lungs presented 
after death a condition similar to that observed in the lower animals 
after section of the Vagi ; and in these individuals, the respiratory move- 
ments had been much less frequent than natural during the latter part of 
life, owing to a torpid condition of the nervous centres. The opinion 
(held especially by Dr. Wilson Philip) that section of the Par Vagum 
produces the serous effusion, by its direct influence on the function of 
Secretion, is further invalidated by the fact stated by Dr. Keid, that he 
always found the bronchial membrane covered with its true mucus, 
except when inflammation was present. — “ The experimental history of 
the Par Vagum,” it is justly remarked by Dr. Keid, “ furnishes an ex- 
cellent illustration of the numerous difficulties with which the physio- 
logist has to contend, from the impossibility of insulating any individual 
organ from its mutual actions and reactions, when he wishes to examine 
the order and dependence of its phenomena.” In such investigations, no 
useful inference can be drawn from one or two experiments only ; in order 
to avoid all sources of fallacy, a large number must be made ; the points 
in which all agree, must be separated from others in which there is a varia- 
tion of results ; and it must be then inquired, to what the latter is due.* 

effects of double section of the Pneumogastrics primarily to paralysis of the inferior 
laryngeal nerve on the one hand, and to paralysis of the pulmonary branches on the 
other ; the former lesion permitting the entrance of foreign bodies into the bronchi, &c., 
and the latter lesion inducing hypercemia, emphyaeTna, and their consequences : whilst he 
considers paralysis of the oesophagus, together with modifications of the cardiac activity, 
and the occurrence of emboUa in the divisions of the pulmonary artery, as secondary 
causes of the effects observed. 

^ On the important subject of the Mechanism of Respiration, the following Memoirs 
may be consulted in addition to those already referred-to : — Dr. J. Reid’s Art. * Respira- 
tion’ in ''Cyclop, of Anat. and Physiol.,” vol. iv.; Dr. Hutchinson in "Med.-Chir. 
Trans.,” vol. xxix. ; Dr. Sibson in "Phil. Trans.” 1846, "Med. Gaz.,” vol. xli., "Med.- 
Chir. Trans.,” vol. xxxi., and "Trans, of Prov. Med. Assoc.,” 1860 ; Beau andMaissiat 
in "Archiv. G6n.,” 1842; Mendelssohn, "Der Mechanismus der Respiration und Circu- 
lation,” Berlin, 1845 ; and Vierordt, Art. 'Respiration* in "Wagner’s Handworterbuch 
der Physiologie,” band ii. 
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2. Effects of Eespiration on the Air. 

283. The total amount of air which can be drawn into the Lungs by 
the deepest possible inspiratory movement, by no means affords a measure 
of the quantity which they ordinarily contain. It is in fact composed, as 
was first pointed-out by Mr. Julius Jeffreys,* of several different quanti- 
ties, which may be distinguished as follows : — 

1. Residual Air; that which cannot be displaced by the most powerful 
expiration, which always remains in the thorax so long as the lungs 
retain their natural structure, and over which, therefore, we have no 
control. 

2. Supplemental Air ; that portion which remains in the chest after 
the ordin^ gentle expiration, but which may be displaced at will. 

3. Breathing or Tidal Air ; that volume which is displaced by the 
constant gentle inspiration and expiration. 

4. Cornplemental Air ; the quantity which can be inhaled by the 
deepest possible inspiration, over and above that which is introduced in 
ordinary breathing. 

— The amount which can be expelled by the most forcible expiration after 
the fullest inspiration, and which is consequently the sum of the 2nd, 
3rd, and 4th of these quantities, is designated by Dr. Hutchinsonj’ as 
the Vital Capacity^ being that volume of air which can be displaced by 
living movements. This ^ vital capacity ’ is less dependent than might 
have been supposed, upon the absolute dimensions of the thoracic cavity, 
being yet more influenced by its mohility. Thus of two sets of men of 
the same height, one measuring 35 inches round the chest, and the other 
38 inches, the average vital capacity of the first was found to be 235 
inches, and that of the second only 226 inches; for notwithstanding the 
greater absolute capacity indicated by the larger circumference of the 
latter, the inferior mobility of the chest caused more ^ residual air ’ to 
remain behind after the deepest expiration. By taking the average of 
nearly 5000 observations, Dr. Hutchinson has arrived at the very 
remarkable conclusion,^ that of all the elements whose variation might 
be supposed to affect the ‘ vital capacity,’ Height alone seems to have any 
constant relation to it; and that this relation is capable of being expressed 
in a simple numerical form. It may be briefly expressed by the rule, 
that for every inch of stature^ from five to six feet,, eight additional cubic 
inches of air (at 60° Fahr.) are given-out by a forced expiration after a 
full inspiration : the vital capacity for a man from 5 feet to 5 feet 1 
inch, being 174 cub. in. ; from 5 feet 1 inch to 5 feet 2 inches, 182 cub. 
in., and so on. — There is also a relation between ‘vital capacity’ and 
Weight ; but of a different kind from that which might have been anti- 
cipated. So far as the increase in weight is simply proportional to the 
increase in height, the relation is of course the same for the one as for 
the other. But if the excess of weight should depend upon corpulence, 
the vital capacity decreases in a very marked manner, being always very 
low in corpulent men. The general result of Dr. Hutchinson’s observa- 
tions on this point, is expressed by him as follows : When the man 

'^Statics of the Human Chest ” 1848. 
t “ Cyclop, of Anat. and Physiol.,” vol. iv., Art. ‘ Thorax.^ 

$ Op. cit., p. 1072. 
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exceeds the average weight (at each height) by 7 per cent, the vital 
capacity decreases 1 cuh, in. per lb. for the next 85 lbs. above this weight. 
— The influence of Age upon the ‘vital capacity’ is less marked than 
might have been anticipated. The general fact seems to be, that the 
‘vital capacity’ undergoes a slight increase between 15 and 35 years, 
and then gradually decreases, the decline being more rapid than the 
augmentation, so that by the age of 66 it has diminished to about 4-5ths 
of the maximum. — There does not seem to be as close a relation between 
the ‘ vital capacity’ and Muscular Vigour, as might a priori have been 
expected, and as an attempt has been made to establish.* Cases are not 
unfrequent in which men of athletic constitution have an absolute defi- 
ciency, whilst others by no means remarkable for physical power present 
a large excess. f In fact, as Dr. C. E. Hall has justly remarked, this 
measure indicates, not what a person does breathe, but what he can 
breathe. — The maximum ‘vital capacity’ met- with by Dr. Hutchinson 
in his entire series of observations, was 464 cub. in. ; this was in a man 
7 feet high, whose weight was 308 lbs. The minimum was no more than 
46 cub. in. ; this was in a dwarf (Don Francisco), whose height was only 
29 inches, and weight 40 lbs. 

284. But however constant the above averages may prove to be, when 
tested by a still larger number of observations, it yet remains to be 
determined within what limits individual variation may range, without 
departure from the standard of health. It is considered by Dr. Hutchinsonf 
that a deficiency of 16 per cent (unless the individual should be very 
corpulent) should excite suspicion of disease; but the observations of 
Dr. C. E. Hall (loc. cit.) seem to show that the range is considerably 
wider, especially in females. They also indicate that even a marked 
deficiency in vital capacity must not be regarded as indicative of pulmo- 
nary disease ; for it may be dependent upon disorder of the abdominal 
viscera, especially upon congested liver. 

285. In estimating, however, the effects of the Eespiratory function 
upon the Air which passes through the lungs, we are not so much con- 
cerned with the quantity which may be drawn-in and forced-out, as with 
that actually exchanged at each movement. The estimates of the earlier 
observers, Herbst, Valentin, § &c., which ranged from 10 to 92 cub. in., 
are in general imperfect, having been based upon comparatively few 
respirations, and -without taking into consideration the many circum- 
stances we now know to exercise an influence upon the depth and fre- 
quency of the respiratory acts. Dr. Ed. Smith|| has arranged a 
spirometer, by which the quantity of air inspired may be registered from 


* See Pr. Jackson in “American Medical Examiner,” 1851, p. 51. 

+ See Dr. C. Radclyffe Hall in “ Trans, of Prov. Med. and Surg. Assoc,,” 1851, 
X Op. cit., p. 1079. 

§ The following are some of the amounts assigned by different observers : — 


Herbst . 
Valentin 
Vierordt 
Coathupe 

Hutchinson 


average . . . 

i extreme . . • 


20 — 30 cubic inches. 
14—92 
10—42 
16 

16—20 

7—77 


II Many of the following statements respecting Dr. Edward Smith’s experiments have 
been kindly communicated by himself. 
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1 to 100,000 cub, in., and therefore for any period. He has used it for 
24 hours without intermission, except for meals, and ascertained the 
quantity of air inspired during sleep, and in almost every condition met 
with during the day. From numerous experiments upon several persons, 
each extending over a whole day, he found that the average depth of 
inspiration was 33*6 cub. in. when at rest, and when walking at 1, 2, 3, 
and 4 miles per hour, 52, 60, 75, and 91 cub. in., and even 107 cub. in. 
when working the treadmill. If we take 30 or 40 cubic inches as the 
average quantity exchanged at each respiration, we cannot but observe 
how small a proportion it bears to the entire amount which the lungs 
usually contain ; for the ‘ residual air,’ which cannot be expelled, is esti- 
mated by Dr. Hutchinson at from 75 to 100 cubic inches, and the ‘ sup- 
plemental air,’ which can only be expelled by a forced expiration, is 
about as much more ; the sum of the two being from 150 to 200 cub. 
in., or from 5 to 7 times the ‘ breathing volume.’ Now it is obvious 
that if no provision existed for mingling the air inspired with the air 
already occupying the lungs, the former would penetrate no further than 
the larger air-passages ; and as this would be again thrown-out at the 
next expiration, the bulk of the air contained in the lungs would remain 
altogether without renewal, and the expired air would not be found to 
have undergone any change.* That a change is effected, however, in 
the whole volume of the air contained in the lungs, with every inspira- 
tion, is indicated by the difference between the inspired and expired air ; 
and this change must be attributed to the ‘ mutual diffusion’ of gases, 
these tending to interpenetrate one another, when either of different 
densities or of different temperatures, according to the law discovered by 
Prof. Graham. 

286. The total amount of Air which passes through the Lungs in 
twenty-four hours, will of course vary with the extent and frequency of 
the respiratory movements ; and these are liable to be affected by many 
circumstances, but particularly by the relative degrees of repose and of 
exertion. Moreover, as any such computation must be based upon the 
datum of the ordinary volume of breathing or ‘ tidal’ air, it is obvious 
that the estimates of different observers must vary with the amount they 
adopt. Dr. Ed. Smith found that during the day (6 a.m. to 12 night) 
the average quantity of air inspired by several persons at rest was 502 
cub. in. per minute, or a total of 542,160 cub. in. ; and as the average 
quantity during the night was about 400 cub. in. per minute, the total daily 
amount was 686,000 cub. in., which is in close approximation to the 
results of Valentin, who estimated the total daily amount at 688,348 
cub. in. The quantity is largely increased by exertion, and Dr. Smith 
computes that the total amount actually respired by the unoccupied gen- 
tleman, the ordinary tradesman, and the hard working labourer, would 
be 804,780 cub. in., 1,065,840 cub. in., and 1,568,390 cub. in. ; and 
with 12 hours of Alpine walking, as over the Wengem Alp, 1,764,000 
cub. in. When carrying weights, as by the soldier in his heavy march- 
ing order, Dr. Smith found an increase of 7 cub. in. per minute for every 
1 lb. weight carried. — It is of great practical importance to determine the 

* See Mr. Jeffreys’ “Statics of the Human Chest,” in which this important point first 
received due consideration. 
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quantity of air which ought to be allowed for consumption by indivi- 
duals confined in prisons, workhouses, schools, &c. ; and for tlus, expe- 
rience seems to have fixed 800 cubic feet as the minimum that can be 
safely assigned, except where extraordinary provisions are in operation 
for its constant renewal by ventilation. The evil consequences of an 
insufficient supply of air will be noticed hereafter (Sect. 3). 

287. The alterations in the Air* which are effected by Respiration, 
mainly consist in the removal of a portion of its oxygen, and the substi- 
tution of a quantity of carbonic acid, usually rather less in bulk than the 
oxygen which has disappeared. The proportion of the air thus changed, 
appears to vary according to the frequency of the respirations. Thus 
Vierordtf found that, if he only respired six times in a minute, the 
quantity of Carbonic acid was 5*5 per cent of the whole air exhaled ; 
with twelce respirations, it was 4*2; with twenty-four, it was 3 -3 ; with 
forty-eight, it was 3*0 ; and with ninety-six, it was 2*6 per cent. In some 
of the exj>eriments of Messrs. Allen and Pepys, it was as much as 8 per 
cent. Probably about 4*35 per cent may be taken as the average 
amount of Carbonic acid added to the air, at the ordinary rate of respi- 
ration; whilst according to Vierordt, the amount of oxygen removed is 
4*782 per cent ; the absolute diminution in bulk of the expired air, 
when deprived of the moisture which it has acquired in passing through 
the lungs, being from l-40th to l-50th of its volume. It appears, how- 
ever, that, if the air be already charged in some degree with Carbonic 
acid, the quantity exhaled is much less ; for, when 300 cubic inches of 
air were respired for three minutes, only 28J cubic inches (9|- per cent) 
of Carbonic acid were found in it ; although the previous rate of its 
production, when fresh air was taken-in at every respiration, was 32 
cubic inches in a minute (Allen and Pepys). Knowing, then, the neces- 
sity of a free excretion of Carbonic acid, we are led by this fact to perceive 
the high importance of ventilation; for it is not sufficient for health that 
a room should contain the quantity of air requisite for the support of its 
inhabitants during a given time; since after they have remained in it but 
a part of that time, the quantity of Carbonic acid which its atmosphere 
will contain, will be large enough to interfere greatly with the due 
aeration of their blood, and will thus cause oppression of the brain, and 
the other morbid affections that result from the accumulation of Carbonic 
acid in the circulating fluid. — It appears from the experiments of Dr. 
Snow, that the presence of Carbonic acid in the atmosphere acts more 
deleteriously upon the system, in proportion as the normal quantity of 
Oxygen has been reduced. He found that birds and mammalia, intro- 
duced into an atmosphere containing only from lOJ to 16 per cent of 

* The composition of ordinary atmospheric air in England is thus given by Dr. 
Miller (“ Elements of Chemistry,” vol. ii. p. 455) • — 

Oxygen . . . . 20*61 Nitric Acid, Ammonia, and Car- 

Nitrogen . . . 77*96 buretted Hydrogen . . . traces. 

Carbonic Acid . . *04 And in towns — Sulphuretted . 

Aqueous vapour . 1*40 Hydrogen and Sulphurous Acid **^®^®* 

The quantity of Aqueous Vapour is, however, liable to great variation ; at the ordinary 
temperature of the month of July, the atmosphere is capable of containing nearly three 
times as much aqueous vapour as in December ; nevertheless, the quantity of moisture 
actually present is generally greater in winter, owing to the greater rainfall. 

t ** Physiologie des Athmens,” pp. 102-149. 
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oxygen, soon died, althougH means were taken to remove the carbonic 
acid set-free by their re^iration, as frst as it was formed ; whilst, on the 
other hand, an increase in the proportion of carbonic acid to 12 or even 
20 per cent — ^the percentage of oxygen being kept to its regular 
standard of 21 per cent — did not appear to enfeeble the vital actions 
more rapidly, than did the reduction of the oxygen in the experiments 
just referred-to.* Hoppe j* has observed that when rats were placed under 
the receiver of an air-pump, and exhaustion made till the pressure was 
reduced to 50 mm. (2 inches), fainting and convulsion were induced; and 
when it was reduced to 40 mm., death occurred apparently from the 
evolution of gas in the capillaries of the lungs, which impeded the passage 
of the blood. We may conjecture that the singular effects observed by 
Glaisher,^ in his lofty balloon ascents, were due to the sudden and com- 
bined influence of cold and an insuflicient supply of oxygen. The effects 
of increased atmospheric pressure on the respiration in Man have been 
observed by Vivenot ;§ and an increase of one-fifth of the usual pressure 
is stated by him to decrease the respirations 2 per minute, and the number 
of pulsations on the average 10 per minute. 

288. The absolute quantity of Carbonic acid exhaled from the Lungs 
is liable to variation from so many sources, that no fixed standard can be 
assigned for it. The mean of a great number of observations, however, 
made in different modes, and imder different circumstances, would give 
about 160 grains of Carbon per hour as the amount set-free by a well- 
grown adult man, under ordinary circumstances. Taking this as the 
average of the twenty-four hours, the total quantity of Carbon thus daily 
expired from the Lungs would be 3840 grains, or 8 oz. Troy. According 
to Dr. Edward Smith, who has devised an apparatus by which the whole 
of the Carbonic acid exhaled may be collected for a whole day without 
intermission except for food, the total amount evolved in 24 hours at 
rest (deduced from experiments on different persons) was 7*144 oz. of 
Carbon ; and he estimates that it should be increased to 8*68 oz. and 
11*7 oz. for the non-labouring and laborious classes respectively, at their 
ordinary rate of exertion. The chief causes of variation are, — the Tem- 
perature and Hygrometric state of the surroimding Medium, Age, Sex, 
Development of the body. Nature and Quantity of Food and state of the 
Digestive Process, Muscular Exertion or Repose, Sleep or Watchfulness, 
Period of the Day, Season, and state of Health or Disease. These will 
now be considered in detail : — 

I. Temperature of surrounding Medium . — The amount of Carbonic 
acid exhaled by warm-blooded animals, is greatly increased by external 
Cold, and diminished by Heat. From LetelUer’s || experiments it appears 
that the quantity of Carbonic acid exhaled by Mammals between 86° and 

* Bernard, however, found that a bird which lay exhausted from breathing in a 
limited quantity of air, recovered itself when the Carbonic acid was partially absorbed 
by caustic potash. He observed also that the circulation of blood charged with Car- 
bonic acid rapidly stopped the activity of the secretory glands, as of the kidneys, which 
again recommenced as soon as oxygenated blood was allowed to pass through them. 
(Bernard, “Liq. de TOrganisme,” 1869, vol. i. p. 606, 

+ “Muller’s Archiv,” 1867, p. 68. t “Times,” Sept. 1862. 

§ Henle and Meissner, “Bericht,” 1860, p. 822, 

II ** Annales de Chimie et de Physique,” 1846 ; and M. Boussingault’s “M6moires de 
Chimie Agrioole et de Physiologie,” 1864. 
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106®, is less than half that set-free near the freezing-point ; whilst that 
which is exhaled between 59° and 68° is but little more than two-thirda 
of the same amount. The diminution occasioned by heat is still more 
remarkable in Birds ; which exhale at the highest temperature scarcely 
more than one-third of that set-free at the lowest. — The observations of 
Vierordt* upon himself show that the same is true of the Human subject; 
a difference of 10° Pahr., according to him, producing a variation of 
rather more than two cubic inches in the amount of Carbonic acid hourly 
expired. Dr. Ed. Smith found that sudden increase of temperature 
occasioned sudden decrease, in an increasing ratio, in the quantity of 
Carbonic acid evolved, amounting to 1*3 grain per minute for 16° Pahr. 
of temperature; but that in experiments continued over long periods, 
there was the greatest diversity in the proportion of Carbonic acid evolved 
to each degree of temperature. 

II. That the Hygrometric state of the Air influences the rate of exha- 
lation of Carbonic acid, appears from some experiments by Lehmann 
made with this express view. Por he found that while 1000 grammes’ 
weight of Pigeons yielded, in dry air, 6*055 grammes of Carbonic acid 
per hour, at the temperature of 75°, and 4*69 grammes at the tempe- 
rature of 100°, the same animals, in moist air, yielded 6*769 grammes at 
73°, and 7*76 grammes at 100°. And while 1000 grammes’ weight of 
Babbits exhaled, in dr'y air, 0*451 gramme per hour, at a temperature 
of 100°, they exhaled as much as 0*677 gramme in a moist atmosphere at 
the same temperature. f 

III. Age. — The amount of Carbonic acid exhaled increases in both 
sexes up to about the thirtieth year ; it remains stationary until about 
the forty -fifth ; and it then diminishes. Thus, according to Andral and 
Gavarret,:j: at 8 years of age, 77 grains of carbon are excreted per hour ; 
at 14 years, 126 grains ; at 20 years, 166 grains ; at 48 years, 162 grains ; 
and at 76 years, 92*4 grains. 

IV. Sex. — At all ages beyond eight years, the exhalation is greater in 
Males than in Pemales. Nearly the same proportionate increase takes 
place, however, in Pemales, up to the time of puberty ; when the quantity 
abruptly ceases to increase, and remains stationary so long as they con- 
tinue to menstruate. When, however, menstruation has ceased, the 
exhalation of Carbonic acid begins again to augment; and then again 
diminishes, with the advance of years, as in men. Should menstruation 
temporarily cease at any time, the exhalation of Carbonic acid imme- 
diately undergoes an increase, precisely as at the final cessation of the 
function. And during pregnancy, the exhalation increases in like 
manner. 

V. Development of the Body. — The more robust the individual, cceteris 
paribus, the more Carbonic acid is exhaled ; and the variation is much 
more influenced by the development of the muscular system, than by the 
height or weight, capacity of the chest, &c. Thus, a very strong man of 
twenty-six years of age exhaled at the rate of 217*1 grains of carbon per 
hour; while a man of moderate muscular power set-free but 169*4 grains in 
the same time. Another robust man of sixty years of age exhalSi at the 

* “PhysiologiedeB Athmens,” pp. 78-82. 

+ Lehmann, Op. cit., band lit p. 304. 

J “ Annales de Obimie et de Physique,” 1848. 

U 



290 


OF RESPIBATION. 


rate of 20^*4 per hour ; and an old man of ninety-two jreare, who still 
preserved an uncommon degree of energy, and who in his younger days 
had boasted of extraordinary muscular powers, exhaled at the rate of 
135‘5 grains per hour. So, also, a remarkably vigorous young woman 
of nineteen years exhaled at the rate of 107*8 grains per hour; and a 
strong woman of forty -four years (who had ceased to menstruate), 152*4 
grains. — On the other hand, a slender man of forty-five years, in the 
enjoyment of good health, only exhaled at the rate of 132 *4 grains per 
hour (Andral and Gavarret). In Dr. Ed. Smith’s experiments the 
quantity of carbon expired per diem to each 1 lb. of body- weight was 
17*07 grains, 17*51, and 17*99, at 48, 39, and 33 years of age respectively. 

VI. Nature and Quantity of the Foody and State of the Digestive 
Process . — It is well established, that the exhalation of Carbonic acid is 
greatly increased by eating, and that it is diminished by fasting. Thus 
Prof. Scharling states the hourly exhalation to have increased in one 
instance from 145 to 190, after breakfast and a walk; in another from 
140 to 177, after breakfast alone; and in another from 111*9 to 188*9, 
after dinner. Dr. Ed. Smith on several occasions fasted for more than 
twenty-four hours, and collected all the Carbonic acid exhaled during 
the whole period, or during ten minutes at each hour of the waking day. 
He found the total daily amount of carbon exhaled at rest and whilst 
fasting to be 5*923 oz.; and there was scarcely any variation in the hourly 
quantity during the hours of the day. He noticed that there was a line 
below which the quantity of Carbonic acid did not fall, during waking 
hours in health ; this, which he has termed the basal liney is that observed 
at rest and in the absence of food. The increase above that line, which 
is caused by food, seldom exceeds one-half of the basal quantity, or 
about 3 grains per minute. He has shown that the increase is from 2 
to 3 grains per minute after breakfast and tea, and from 1 to 2 grains 
per minute after early dinner, whilst he scarcely found any increase 
after supper. He has examined the influence of numerous foods, as flesh, 
fish, albumen, gelatin, bread, rice, oatmeal, cane, grape, and milk sugar, 
milk, tea, coffee, cocoa, starch, gluten, butter, olive-oil, alcohol, rum, 
gin, brandy, sherry and port wine, beer and spirits. AH nitrogenous 
foods — ^gluten, casein, flesh, fish, albumen, and gelatin — increased the 
evolution of Carbonic acid to the extent of f to 1 grain per minute ; but 
tea, coffee, bread, rice, oatmeal, milk, and sugar increased it from 1-J- to 
3 grains per minute. Fats and starch did not increase.it; alcohol, rum, 
and ales increased it from J a grain to 2 grains per minute, whilst 
brandy and gin decreased it, and 3 ounces of wine exerted but little 
influence. The inhalation of the aroma of wines decreased it. AH Dr. 
Smith’s experiments were made in the sitting posture, at rest, before break- 
fast, and upon one substance alone in moderate quantity, the dose of which 
was repeated every ten or fifteen minutes, until the maximum influence 
had been obtained. With sugar, alcoholic liquids, tea, and coffee, the 
maximum influence was observed in from twenty to thirty minutes ; but 
with bread, oatmeal, milk, and flesh, it was commonly later, and con- 
tinued from 1 J to 2^ hours. With sugar and tea there was frequently an 
increase of 1 grain per minute in less than ten minutes. The whole of 
the Carbonic acid exhaled during five minutes at a time for two hours 
was collected and weighed: the percentage was not sought-for. Dr. 
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Smith has called attention to the separate action of the alcohol, aromas, 
sugars, and nitrogenous matters in each of the alcoholic compoimds. 
Similar though less extended and perfect observations have been made by 
Vierordt, Bidder, Schmidt, and others, which generally corroborate the 
conclusions drawn by Dr. Ed. Smith. 

VII. Muscular Exertion or Repose . — The effect of bodily exercise, in 
moderation, is to produce a considerable increase in the amount of Car- 
bonic acid exhaled, both during its continuance, and for some little time 
subsequently to its cessation. According to the observations of Vierordt, 
the increase amounts to one-third of the quantity exhaled during rest, 
and it lasts for more than an hour afterwards ; being manifested in the 
greater quantity of air respired, and in the larger percentage of Carbonic 
acid contained in it. If the exercise be prolonged, however, so as to 
occasion fatigue, it is succeeded by a diminished exhalation. — Dr. Ed. Smith 
found that whilst walking at two and three miles per hour, the quantity of 
Carbonic acid evolved was 18*1 grains and 25*83 grains per minute, which 
are respectively 1*85 and 2*64 times more than that eliminated in the 
quiet sitting posture. With treadwheel labour the quantity varied 
from 42*9 grains to 48*66 grains. After the exertion had ceased, 
the increase continued for some time ; and not the least exertion could be 
made, even when sitting, without disturbing the results. — The connection 
between muscular exertion and the exhalation of Carbonic acid, is most 
remarkably shown in Insects ; in which animals we may witness the 
rapid transition between the opposite conditions of extreme muscular 
exertion, and tranquil repose ; and in which the effects of these upon the 
respiratory process are not masked by that exhalation of Carbonic acid, 
which is required in warm-blooded animals simply for the maintenance of 
a fixed temperature. Thus a Humble-Bee was found by Mr. Newport* to 
produce one-third of a cubic inch of Carbonic acid in the course of a single 
hour, during which its whole body was in a state of constant movement, 
from the excitement resulting from its capture ; and yet, during the whole 
twenty-four hours of the succeeding day, which it passed in a state of 
comparative rest, the quantity of carbonic acid generated by it was abso- 
lutely less. 

VIII. Sleep or Watchfulness . — The amount of Carbonic acid exhaled 
during sleep is considerably less than that set-free in the waking state. 
This is particularly shown by the experiments of Scharling ;*|* who con- 
fined the subjects of them in an air-tight chamber, within which they 
could sleep, take their meals, &c. Thus in one case the hourly exhala- 
tion sank from 160 to 100, in another from 194*7 to 122*3, and in another 
from 99 to 75*1. Dr. Ed. Smith found that 4*88 and 4*99 grs. of 
Carbonic acid were exhaled per minute during light sleep from 1 to 3 a.m., 
and he estimates the quantity in profound sleep at 4J grs. He also 
observed that 5*7 grs., 5*94 grs., and 6*1 grs. per minute were evolved 
at 1.80, 2.80, and 6.15 a.m., whilst awake, the average amount during the 
waking day being 9*77 grs. per minute in the same person. The cause 
of this result is partly to be sought in the cessation of all muscular exer- 
tion (save that concerned in the maintenance of the respiration); and 

* “PhUos. Transact.,” 1836. 

“Aim. der Chem. und Phann.,” 1848 ; transl. in ‘Ann. de Chim. et de Piys.,* 
1848. 
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partly in the diminution in the dissipation of the heat of the body 
itself. 

IX. Period oj the Day, — Independently of these variations, which have 
their source in the condition of the individual, there is reason to believe 
that there is a diurnal cycle of change in the quantity of Carbonic acid 
exhaled ; the maximum being (caeteris paribus) before and after noon, and 
the minimum before and after midnight. From the experiments of 
Scharling upon the Human subject, it would appear that the average 
proportion exhaled by day to that exhaled by night is as to 1 ; and 
this difference does not seem to be affected by sleep or wakeftilness. Dr. 
Ed. Smith found that the quantity of Carbonic acid varied at every 
moment ; and that there were similar hourly variations in the quantity of 
Carbonic acid evolved, as in the rate of pulsations to which we have 
already referred. There was the least during the middle hours of the 
night, a slight increase with sunlight, a large increase after the meals, and 
a decrease before them, and a prolonged and inevitable fall after about 9 
o’clock P.M. The proportion in the night of six hours to the day of 18 
hours was in himself as 1 : 1*8. Most persons are conscious of a greater 
difficulty in bearing exposure to cold between midnight and early morn- 
ing, than at any other period in the twenty-four hours. 

X. Season. — Dr. Edward Smith has investigated the influence of season 
by determining the amount evolved at rest, in the sitting posture, and 
before breakfast, daily throughout the year, and has found that the 
greatest amount occurs in April and May ; that there is a decrease com- 
mencing in June, and continuing progressively through June, July and 
August to September ; and that in October, November, and December 
there is an increase. He considers that there is a maximum period (end 
of Winter and Spring), a minimum period (end of Summer to Autumn), 
an increasing period (Winter), and a decreasing period (early Summer). 
The extreme loss at the end of Summer was 3 grains of Carbonic acid 
per minute, or 33 per cent, and on the monthly average the loss was 17 
or 18 per cent. He has applied this to the causatioii and treatment of 
disease, and has shown that the influence of the rotation of the seasons is 
a prime element in the vis medicatrix naturce. Temperature and Baro- 
metric pressure to some extent, but very imperfectly, explained the 
results. A medium temperature was accompanied by the most diverse 
quantities of Carbonic acid at the different seasons ; but extremes 
exhibited marked influence. 

XI. State of Health or Disease. — Upon this very important cause of 
variation, few accurate researches have yet been made. The percentage 
of Carbonic acid in the expired air has been found to be unusually great in 
the Exanthemata, and in chronic Skin-diseases (Macgregor) and it has 
been stated to be diminished in Typhus ( Malcolm). f — Thus, the average 
proportion in health being about 4*3 per cent (Vierordt), it has been 
seen at 8 per cent in confluent Small-pox, at 5 per cent in Measles, and 
at 7*2 per cent in a severe case of Ichthyosis which terminated fatally ; 
whilst in Typhus the percentage has been found to range from 1*18 to 
2*50. But these statements do not indicate the total quantity exhaled 
in each case. — The remarkable increase of the exhalation in cases of 


* ** Edinb. Monthly Journal,” 1843. 


t “ Eeport of Brit. Assoc.,” 1848, p. 87. 
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Chlorosis has been already noticed ; in four oases recorded by Hannover 
the hourly expiration was 123*6, 118*6, 116*9, and 106*3 grains; the 
absolute quantity diminishing as the respirations increased in rapidity. — 
In chronic diseases of the respiratory organs, as might be anticipated, 
the amount of Carbonic acid exhaled undergoes a sensible diminution 
(Nysten* and Hannover).*|' — Further researches are much needed on this 
subject ; but, for obvious reasons, they cannot be readily made in severe 
forms of disease. 

289. The aeration of the blood may take place, not only by means of 
the Lungs, but also in some degree through the medium of the Cutaneous 
surface. In some of the lower tribes of animals, indeed, this is a very 
important part of their respiratory process : and even in certain Verte- 
brata the cutaneous respiration is capable of supporting life for a con- 
siderable time. This is especially the case in the Batrachia, whose skin is 
soft, thin, and moist ; and the effect is here the greater, since, from the 
small proportion of the blood that has passed through the lungs, that 
which circulates through the system is very imperfectly arterialized. By 
the experiments of Bischoff it was ascertained that, even after the lungs 
of a Frog had been removed, a quarter of a cubic inch of Carbonic 
acid was exhaled from the skin in the course of eight hours. Ex- 
periments on the Human subject leave no room for doubt, that a similar 
process is effected through the medium of his general surface, although 
in a very inferior degree ; for by confining the body in a close chamber, 
into which the products of cutaneous respiration could freely pass, whilst 
the pulmonary respiration was measured by a distinct apparatus, Prof. 
ScharlingJ ascertained that the proportion of Carbonic acid given-off by 
the Skin is from l-30th to l-60th of that exhaled from the Lungs during 
the same period of time. Dr. Ed. Smith enclosed the whole of his body, 
except the head, in a Caoutchouc bag, passed a current of air through it, 
and collected the Carbonic acid. The whole quantity obtained in 
Summer, including that found in the air of the room, was 6 grains per 
hour, or somewhat more than 1 per cent of the amount passing off by 
the Lungs. Moreover, it has been observed, not unfrequently, that the 
livid tint of the skin which supervenes in Asphyxia, owing to the non- 
arterialization of the blood in the lungs, has given place after death to 
the fresh hue of health, owing to the reddening of the blood in the 
cutaneous capillaries by the action of the atmosphere upon them ; and it 
does not seem improbable that, in cases of obstruction to the due action 
of the lungs, the exhalation of Carbonic acid through the skin may 
undergo a considerable increase ; for we find a similar disposition to 
vicarious action in other parts of the excreting apparatus. There 
is also evidence that the interchange of gases between the air and the 
blood, through the Skin, has an important share in keeping-up the tem- 
perature of the body (chap, x.) ; and we find the temperature of the 
surface much elevated in many cases of pneumonia, phthisis, &c., in which 
the lungs seem to perform their function very insufficiently. 

290. The total amoimt of Carbonic acid daily given-off from the Skin 

* “ Recherches de Physiologie et de Chimie Pathologiques,” 1811. 

t De Quantitate relativa et absoluta Acidi Carbonici ab Hominc Saao et .^groto 
exbalati,” 1846. 

t ** Ann. der Chem. und Phann.,” 1846. 
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and Lungs may be estimated in another mode ; namely, by determining 
the total amount of Carbon contained in the ingesta^ and the amount 
excreted in other ways, making allowance for the difference in weight (if 
any) of the body. In this mode. Prof. Liebig came to the conclusion, 
that the average amount of carbon exhaled by soldiers in barracks was 
13'9 oz. (Hessian) or very nearly 14 oz. troy. From similar collective 
observations upon the inmates of the Bridewell at Marienschloss (a prison 
where labour is enforced), he calculated that each individual exhaled 
10*5 oz. of carbon daily in the form of Carbonic acid ; while in a prison 
at Giessen, whose inmates are deprived of all exercise, the daily average 
was but 8*5 oz.* It has been shown by Prof. Scharling,! that the total 
amount of carbon contained in the daily allowance of food and drink in 
the Danish Navy is somewhat less than 10*5 oz.; and as we shall pre- 
sently see that from 1-lOth to 1-1 2th of the carbon ingested passes-off 
through other channels, scarcely more than 9*5 oz. of this amount can be 
consumed by the respiratory process. — very exact estimate, though 
based on more limited data, was made by M. Barral ; J who experimented 
upon himself (set. 29) in winter (a) and in summer (b), upon a boy 6 
years old (c), upon a man 59 years old (d), and upon an unmarried 
woman of 32 years (e). The following table gives the results which he 
obtained, from an average of five days, in regard to the disposal of the 
Carbon of the food ; those which relate to its Nitrogen, Hydrogen, and 
Oxygen will be noticed subsequently (§§ 292, 293). 



Weight of Body, 

Carbon of Food, 


Carbon excreted. 




In Fajces. 

In Urine. 

By exhalation. 

A 

104*6 lbs. . 

6654*1 grs. 

236*2 grs. 

234*6 grs. 

6183*3 grs. 

B 

— 

4090*0 „ 

187 4 „ 

211*6 „ 

3741*1 „ 

C 

33 „ . 

2382*3 „ 

149-7 „ 

67*9 „ 

2164*7 „ 

D 

129*1 „ 

6123*0 „ 

210-0 „ 

327*3 „ 

4686*7 „ 

E 

134*6 „ 

4620*8 „ 

64-8 „ 

216*1 „ 

4239*9 ,, 


Thus the average amount of the Carbon daily consumed in pulmonary and 
cutaneous exhalation by M. Barral himself, was in winter 5183*3 grains, 
or 10*8 oz. troy ; whilst in summer it was but 3741*1 grains, or 7*8 oz. 
troy ; this difference is quite conformable to what might have been anti- 
cipated from the results of a different mode of experimenting (§ 288, i.) ; 
and it throws some light on the discrepancies in the results of other 
measurements, to find that the seasonal variation is scarcely less than 
one-third of the mean between these two amounts. The other results 
correspond closely with the statements of MM. Andral and Gavarret, in 
regard to the higher proportion of Carbonic acid exhaled (as compared 
with the bulk of the body) by children, and the smaller proportion 
thrown-off by men advanced in years, and by women. In some experi- 
ments made on himself in Pettenkofer’s apparatus, Eanke (weighing 
161 lbs.) found that when at rest and fasting, 10,190 grains of Carbonic 
acid or 2779 grains of Carbon were eliminated in twenty hours by the 
Skin and Lungs, whilst with as full a diet as possible the amount was 
13,278 grains of Carbonic acid, or 3621 grains of Carbon. 

291. It is not only by an oxygenated atmosphere that the removal of 

* Op. cit., p. 46. t ^*Ann. der Chem, und Pharm.,” 1846. 

I “Ann. de Chim. et de Phys.,” tom. xxv. 
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Carbonic acid irom the blood may be effected. For althon^ it was for-^ 
merly supposed that the exhaled Carbonic acid is generated in the lungs 
by the combination of atmospheric oxygen with the carbonaceous matters 
of the blood, and that the inhalation of oxygen is therefore immediately 
necessary for its production, yet it is now quite certain that this Carbonic 
acid exists preformed in venous blood, and that the oxygen introduced is 
carried into the arterial circulation, instead of being at once returned to 
the air in the state of Carbonic acid (§ 169). Hence an exhalation of 
Carbonic acid may continue for a considerable period (in cold-blooded 
animals especially), whilst the animal is breathing an atmosphere in which 
no oxygen exists. Thus it was shown by Spallanzani,* * * § that snails might 
be kept for a long time in Hydrogen, without apparent injury to them ; 
and that during this j)eriod they disengaged a considerable amount of 
Carbonic acid. Dr. Edwardsj subsequently ascertained that, when Frogs 
were kept in hydrogen for several hours, the quantity of Carbonic acid 
exhaled was fully as great as it would have been in atmospheric air, or 
even greater ; this latter fact, if correct, may be accounted-for by the 
superior displacing power which (on tlie laws of the diffusion of gases) 
hydrogen possesses for Carbonic acid. Collard de Martigny J repeated this 
experiment in Nitrogen, with the same results. In both sets of experi- 
ments, the precaution was used of compressing the flanks of the animal, 
previously to immersing it in the gas, so as to expel from the lungs whatever 
mixture of oxygen they might contain. These experiments have been 
since rej^eated by Muller and Bergemann, who took the additional pre- 
caution of removing, by means of the air-pump, all the atmospheric air 
that the lungs of the frog might previously contain, together with the 
Carbonic acid that might exist in the alimentary canal. They found in 
one of their experiments, that the quantity of Carbonic acid exhaled in 
hydrogen was nearly a cubic inch in 6^ hours ; and in another, that 
nearly the same amount was given-off in nitrogen, though this required 
rather a longer period. It appears from the table of their results, § that 
the amount was not ordinarily greater in the experiments which were pro- 
longed for twelve or fourteen hours, than in those which were terminated 
in half the time ; hence it may be inferred, that the quantity which the 
blood is itself capable of disengaging is limited, and that the absorption 
of oxygen is necessary to enable Carbonic acid to be continuously set-free 
from the body. — It is impossible, however, for an adult Bird or Mammal 
to sustain life for any considerable time in an atmosphere deprived of 
oxygen ; since the greatly -increased rapidity and energy of all their vital 
operations necessitate a much more constant supply of this vivifying 
agent, than is needed by the inferior tribes ; and, as we shall presently 
see, the capillary action requisite for the passage of the blood through 
the lungs will not take place without it (§ 299). But Dr. Edwards 
has shown that young Mammalia can sustain life in an atmosphere of 
hydrogen or nitrogen, for a sufficient length of time to exhale a sensible 
amount of Carbonic acid ; so that the character of the process is clearly 

* Memoires sur la Respiration,” traduit par Senebier, Geneve, 1804. 

t “ De rinlluence des Agens Physiques sur la Vie,” Paris, 1824, 

t ‘ Rccherches Experimentales,' &c. in Magendie's ** Journal de Fbysiologie,” 
tom. X. 

§ Muller’s Elements of Physiology,” translated by Baly, vol. t p. 888. 
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proved to be the same in warm-blooded animals as in Reptiles and 
Invertebrate. 

292. Much discussion has taken place with regard to the degree in 
which the proportion of Nitrogen in the air is affected by Respiration. 
It seems probable that the absorption and exhalation of this gas are con- 
tinually taking place ; but that the two amounts usually nearly balance 
each other.* On the whole, however, there is adequate reason to believe 
that Nitrogen is ordinarily given-off ; this being the joint result of the 
analysis of the expired air, and of the comparison of the amount of nitrogen 
given-off in the other excretions with that ingested as a constituent of the 
food. In some experiments made by Regnault and Reiset, on the composi- 
tion of the expired air in various warm-blooded animals, they arrived at the 
following conclusions: — (1). That warm-blooded animals subjected to 
their orefinary regimen exhale nitrogen, but never in larger proportion than 
l-50th, and sometimes in less than 1-lOOth, of the oxygen consumed; — 

(2) . That in a state of inanition, animals usually absorb nitrogen ; — 

(3) . That animals whose usual diet has been changed, usually absorb 
oxygen until they are accustomed to their new food.j' — In other experi- 
ments made by Boussingault upon turtle-doves, and by Barral upon the 
Human subject, in which a comparison was made between the amount of 
Nitrogen given-off in the other excretions, and that ingested as a con- 
stituent of the food, it was determined that the surplus of nitrogen in 
the food of the birds above that excreted by the kidneys and intestinal 
canal was 2^ grains daily, or one-third of the weight of the nitrogen in their 
food ; whilst Barral estimated that the amount of nitrogen which (being 
otherwise unaccounted for) must be considered to have passed-off hy the 
lungs and skin, varied from l-75th (in an adult) to l-143rd (in a child) 
of the oxygen consumed, the former proportion agreeing very well with that 
deduced by MM. Regnault and Reiset from their experiments on animals. 
— It will be remembered that Nitrogen exists in an uncombined state in 
the blood (§ 169) ; its percentage, however, i^ continually varying ; and 
no constant difference is observable between the proportions yielded by 
arterial and venous blood respectively. 

[The alterations effected in the Blood by Respiration have already been 
fully considered. See §§ 168-170.] 

293. Exhalation and Absorption throvgh the Lungs. — The Air expired 
from the lungs differs from that which was introduced into them, not 
merely in the altered proportions of its Oxygen, Nitrogen, and Carbonic 
acid, but also in having received (under ordinary circumstances at least) 
a large addition to its watery vapour. This it doubtless acquires in 
accordance with physical laws, through its exposure to the warm blood 
which is spread-out over a very extensive surface, the intermediate mem- 
brane being extremely permeable ; and the variations in its amount will 
depend upon the physical conditions under which that exposure takes 
pl^e. The air expired in ordinary respiration is charged with as much 
Mratery vapour as saturates it at the temperature of the body ; and con- 
sequently the amount of watery vapour thus exhaled will vary (for 
equal volumes of air at any given temperature) in the inverse proportion 

* For the oonsiderationB which render this probable, see especially Dr. W. F. Edwards 
**On the Influence of Physical Agents on Life,” part iv., chap, xvi., sect. 2, 8. 

t “Ann. de Chim. et d© Phys.,” 1849 ; and “M^m. de Chim. Agric,,” 1854, p. 81. 
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to that which the air previously contained. But when the air is very 
cold and very dry, and the respiration is unusually rapid, it may not 
remain sufficiently long in the air-cells to be raised to the temperature of 
the body, or to be fully saturated with moisture. The amoimt of watery 
vapour exhaled, moreover, will of course depend in part upon the quantity 
of air which passes through the lungs. And from these causes of diffe- 
rence, it happens that the amount of watery vapour exhaled in twenty-four 
hours may vary from about 6 oz. to 27 oz. ; its usual range, however, being 
between 7 and 11 oz. Dr. Ed. Smith found that during a long fast the 
quantity of vapour exhaled by the lungs was 2*02 grs. per minute, or 
*548 gr. in every 100 cub. in. of expired air. With food and at rest, the 
quantity varied from 3 grs. to 3*4 grs. per minute. The inhalation of 
alcoholic vapours increased the quantity of vapour exhaled ; when alcohol 
was drunk the quantity was also increased, but it was decreased under 
the action of gin. — Of the fluid ordinarily exhaled with the breath, a 
part doubtless proceeds from the moist lining of the nostrils, fauces, 
&c . ; but it is indisputable that the greater proportion of it comes from 
the lungs, since, when the respiration is entirely performed through a 
canula introduced into the trachea, the amount of watery vapour which 
the breath contains is still very considerable. Of the proper pulmonary 
exhalation, there can be no doubt that the greater part is the mere sur- 
plus-water of the blood, and especially of the crude fluid which has been 
newly introduced into the circulating current by the process of nutritive 
absorption. But there is strong evidence that Hydrogen as well as carbon 
undergoes combustion in the system, and that a portion of the exhaled 
aqueous vapour is the product of that combustion. For of the hydrogen 
which the food contains, not more than from l-8th to 1-1 0th passes-off 
by the other excretions, the remaining 7-8ths or 9-lOths being exhaled 
in the condition of watery vapour from the lungs. A portion of the 
oxygen which this vapour contains is supplied by the food ; but there is 
usually a considerable surplus of hydrogen, and this can only be converted 
into water at the expense of oxygen derived from the atmosphere. Upon 
this point the experiments of M. Barral (loc. cit.) gave the following 
results : — that, of the Hydrogen exhaled from his lungs and skin, in the 
condition of watery vapour, not less than 321*1 grs. in winter, and 252*8 
grs. in summer, must have been converted into water by oxygen derived 
from the air; and this calculation would give 2889*9 grs. (6 oz. troy) for 
the winter, and 2275*2 grs. (4*7 oz. troy) for the summer, as the amount 
of water thus generated in the combustive process. This, however, can 
only be regarded as an approximation to the truth ; since there are many 
circumstances not taken into account in the computation, by which the 
estimate may be affected. 

294. The fluid thrown-off from the lungs is not pure Water. It holds 
in solution, as might have been expected, a considerable amount of Car- 
bonic acid, and also some animal matter, which, from the inquiries of Dr. 
R. A. Smith,* would appear to be an albuminous substance in a state of 
decomposition. According to Wiederhold,f the Chlorides of Sodium and 
Ammonium, Uric Acid and the Urates of Soda and Ammonia, may be 
detected in the expired air. If the fluid be kept in a closed vessel, and 


Philosophical Magazine,” vol. xxx. p. 478. f Deutsche Klinik,” 1858. 
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be exposed to an elevated temperature, a very evident putrid odour is 
exhaled by it. Every one knows that the breath itself has, occasionally 
in some persons, and constantly in others, a foetid taint ; when this does 
not proceed from carious teeth, ulcerations in the air-passages, disease in 
the lungs, or other similar causes, it must result from the excretion of 
the odorous matter, in combination with watery vapour, from the pul- 
monary surface. That this is the true account of it, seems evident from 
the analogous phenomenon of the excretion of turpentine, camphor, 
alcohol, and other odorous substances, which have been introduced into 
the venous system, either by natural absorption, or by direct injection ; 
and also from the suddenness with which it often manifests itself, when 
the digestive apparatus is slightly disordered, apparently in consequence 
of the entrance of some mal-assimilated matter into the blood. Among 
the substances occasionally thrown-off by the lungs, Phosphorus deserves 
a special mention, on account of the peculiarity of the form under which 
it is eliminated ; for it has been found that if phosphorus be mixed with 
oil, and be injected into the blood-vessels, it partly escapes in an unoxi- 
dized state from the lungs, rendering the breath luminous. And this 
luminous breath has also been observed in spirit-drinkers ; in whom the 
oxidation of the effete matters of the system is impeded, in consequence 
of the demand set-up by the alcohol ingested for the oxygen introduced 
(§ 288, VIII.). 

295. Not only exhalation, but also (under peculiar circumstances) 
absorption of fluid may take place through the Lungs. Thus Dr. Maddenf 
has shown that, if the vapour of hot water be inhaled for some time 
together, the total loss by exhalation is so much less than usual, as to 
indicate that the cutaneous transpiration is partly counterbalanced by 
pulmonary absorption ; the pulmonary exhalation being at the same time 
entirely checked. It is probable that, if the quantity of fluid in the blood 
had been previously diminished by excessive sweating, or by other 
copious fluid secretions, the pulmonary absorption would have been 
much greater. Still in the cases formerly mentioned (§ 118), in which 
a large increase in weight could only be accounted-for on the supposition 
of absorption of water from the atmosphere, it seems probable that the 
cutaneous surface was chiefly concerned ; for it can only be when the air 
introduced into the lungs is saturated with watery vapour, that the usual 
exhalation will be checked, or that any absorption can take place. 

296. That absorption of other volatile matters diffused through the 
air, however, is continually taking place by the Lungs, is easily demon- 
strated. A familiar example is the effect of the inhalation of the vapour 
of Turpentine upon the urinary excretion. It can only be in this manner 
that those gases act upon the system, which have a noxious or poisonous 
effect when mingled in small quantities in the atmosphere ; and it is 
most astonishing to witness the extraordinary increase in potency which 
many substances exhibit, when they are brought into relation with the 
blood in the gaseous form. The most remarkable example of this kind 
is afforded by Arseniuretted Hydrogen, the inspiration of a few hun- 
dredths of a grain of which has been productive of fatal consequences, 
the resulting symptoms being those of arsenical poisoning. Next to this, 

* “Casper’s Wochenschrift,” 1849, band xv. 

t “ Prize Essay on Cutaneous Absorption,” p. 55. 
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perhaps, in deleterious activity, is Sulphuretted Hydrogen ; but it would 
seem that the effects of this gas upon the Human subject are scarcely so 
violent as they are upon animals ; for though it has been found that the 
presence of l-500th part of it in the respired air will destroy a bird in 
a very short time, that 1 -800th part suffices to kill a dog, and that 
1-25 0th part is fatal to a horse, yet M. Parent-Duch^telet has affirmed 
that workmen habitually breathe with impunity an atmosphere containing 
om per cent, and that he himself has respired, without serious symptoms 
ensuing, air which contained three per cent. There can be no doubt, 
however, that the continued inhalation of air thus contaminated would 
be speedily fatal. Sulphuretted hydrogen and Hydro-sulphuret of am- 
monia are given off from most forms of decaying animal and vegetable 
matter ; and it is undoubtedly to the accumulation of these gases, that 
the fatal results which sometimes ensue from entering sewers are to be 
chiefly attributed. — Carburetted hydrogen is another gas whose effects 
are similar ; but a larger proportion of it is required to destroy life. — 
Carbonic acid gas, also, appears to be absorbed by the lungs, when a 
large proportion of it is contained in the atmosphere. The acciunulation 
of this gas in the blood, when the respired air is charged with it even 
to a moderate amount, might be attributed to the impediment thus 
offered to its ordinary exhalation (§ 286); but the following experiment 
appears to prove that it may be actually absorbed into the blood, and 
that it will thus exert a really-poisonous influence, not merely pro- 
duce an asphyxiating effect. It was found by liolando, that the air- 
tube of one lung of the land-tortoise may be tied, without apparently 
doing any material injury to the animal, as the respiration performed by 
the other is sufficient to maintain life for some time ; but, having con- 
trived to make a tortoise inhale carbonic acid by one lung, whilst it 
breathed air by the other, he found that the animal died in a few hours.* 
— Cyanogen is another gas which has an actively-poisonous influence 
upon animals, when absorbed into the lungs ; its agency, also, is of a 
narcotic character. 

297. It is singular that the effects of the respiration of pure Oxygen 
should not be dissimilar. At first the rapidity of the pulse and the 
number of the respirations are increased, and the animal appears to suffer 
little or no inconvenience for an hour; but symptoms of coma then 
gradually develops themselves, and death ensues in six, ten, or twelve 
hours. If the animals be removed into the air before the insensibility 
is complete, they quickly recover. When the body is examined, the 
heart is seen beating strongly, while the diaphragm is motionless ; the 
whole blood in the veins, as well as in the arteries, is of a bright scarlet 
colour ; and several of the membranous surfaces have the same tint. 
The blood is observed to coagulate with remarkable rapidity ; and it is to 
the alteration in its properties occasioned by hyper-arterialization (§170), 
and indicated by this condition, that we are probably to attribute the 

* The fatal result of breathing the fumes of charcoal is, therefore, not simple Asphyxia, 
such as would result from breathing hydrogen or nitrogen. ---Other volatile products are 
set-free in the combustion of charcoal, besides carbonic acid. Mr. Coathupe (loc. cit.) 
states these to be Carbonate, Muriate, and Sulphate of Ammonia, Carbonic Oxide, Oxygen, 
Nitrogen, Wateiy vapour, and Empyreumatic Oil : to these, Sulphurous acid may appear 
to be properly added. 



800 


OF KESPIRATION. 


fetal result. There can be no doubt that, in this instance, an undue 
amount of oxygen is absorbed ; and it does not seem unlikely that whilst 
one cause of the fatal result is a stagnation of the blood in the systemic 
capillaries, consequent upon the want of sufficient change in its passage 
through them (§ 248), another, and perhaps still more important one, 
is to be found in the diminished activity of the respiratory nervous centres, 
consequent upon the presence in their capillaries of blood surcharged 
with oxygen (§ 272). When Nitrogen or Hydrogen is breathed for any 
length of time, death results from the deprivation of Oxygen, rather than 
from any deleterious influence which these gases themselves exert. — Death 
is also caused by the inhalation of several gases of an irritant character, 
such as Sulphurous, Nitrous, and Muriatic acids ; but it is doubtful how 
far they are absorbed, or how far their injurious effects are due to the 
abnormal action which they excite in the lining membrane of the air- 
cells and tubes. — It cannot be doubted that Miasmata and other morbific 
agents diffused through the atmosphere, are more readily introduced into 
the system through the pulmonary surface than by any other ; and our 
aim should therelbro be directed to the discovery of some counteracting 
agents, which can be introduced in the same manner. The Pulmonary 
surface affords a most advantageous channel for the introduction of certidn 
medicines that can be raised in vapour, when it is desired to affect the 
system with them speedily and powerfully; such is pre-eminently the case 
with those Anaesthetic agents, ether and chloroform, whose introduction 
into the various departments of Medical and Siirgical practice constitutes 
a most important era in the history of the healing art ; also with Mer- 
cury,* Iodine, Tobacco, Stramonium, &c. 

3. Effects of Suspension or Deficiency of Respiration, 

298. We have now to consider the results of the cessation of the 
Respiratory function, and the consequent retention of Carbonic acid in 
the blood. If this be sufficiently prolonged, a condition ensues to which 
the name of Asphyxia has been given ; the essential character of which 
is the cessation of muscular movement, and shortly afterwards of the 
Circulation ; with an accumulation of blood in the venous system. The 
time which is necessary for life to be destroyed by Asphyxia varies much, 
not only in different animals, but in different states of the same. Thus, 
warm-blooded animals are much sooner asphyxiated than Reptiles or 
Invertebrata ; on the other hand, a hybernating Mammal supports life 
for many months, with a respiration sufficiently low to produce speedy 
asphyxia if it were in a state of activity. And among Mammalia and 
Birds, there are many species which are adapted, by peculiarities of con- 
formation, to sustain a deprivation of air for much more than the average 
period.^ Excluding these, it may be stated as a general fact, that, if a 

* The beneficial reeults of the introduction of Mercury by inhalation, are strikingly set 
forth in Mr. Langston Parker’s Essay on “ The Treatment of Secondary, Constitutional, 
and Confirmed Syphilis.” 

f Thus, the Cetacea contain far more blood in their vessels, than do any other Mam- 
malia ; and these vessels are so arranged, that both arteries and veins are in connection 
with large reservoirs or diverticula. The reservoirs belonging to the former are usually 
full ; but when the Whale remains long under water, the blood which they contain is 
gradually introduced into the circulatioD, and, after becoming venous, accumulates in the 
reservoirs connected with the venous system. By means of this provision, the Whale can 
remidn under water for more than an hour. 
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warm-blooded animal in a state of activity be deprived of respiratory 
power, its muscular movements (with the exception of the contraction of 
the heart) will cease within five minutes, often within three; and that the 
circulation generally fails within ten minutes. Thus, in the experiments 
made by the Committee of the Eoyal Medico- Chirurgical Society,* * * § it was 
found that when death by drowning took place rapidly, it was due to the 
entrance of Water into the lungs ; and that if the entrance of Air into the 
lungs was prevented by suddenly inserting a cork into a glass tube tightly 
tied into the trachea, the average duration of the efforts to inspire was 
4 minutes 5 seconds in dogs, and 3 minutes 25 seconds in rabbits; whilst 
the average duration of the heart’s action was 7 minutes 1 1 seconds in dogs, 
and 7 minutes 10 seconds in rabbits. It was found also that in simple 
Apnoea recovery might take place after deprivation of air for 3 minutes 50 
seconds, whilst immersion for li min. was usually fatal. — Brown-S^quard']’ 
has shown by numerous experiments, that both newly-born animals and 
adults are capable of resisting the Asphyxia which results from submer- 
sion, by so much longer a period as their temperature is lower, providing 
it does not descend below 64° F. As a general rule, the newly-born 
animal can survive submersion for a longer period than the adult ; this, 
however, does not hold in the case of guinea-pigs. Of 14 newly-born 
rabbits submersed in water at 77° F., 5 had a temperature of 95° to 
9G^° F., and survived, on the average, 12| minutes : 4 had a tem- 
perature of 82° to 89° F., and survived 17 minutes: lastly, 5 had a 
temperature of from 64° to 70° F., and these survived, on an average, 26 J 
minutes. A newly-born dog will survive, if its temperature be low, an 
immersion of 50 minutes’ duration. — Many persons are capable of sus- 
taining a deprivation of air for two, three, or even four minutes, J without 
insensibility or any other injury ; but this power, which seems possessed 
to the greatest degree by the divers of Ceylon, can only be acquired by 
habit. The period during which remedial means may be successful in 
restoring the activity of the vital and animal functions, is not, however, 
restricted to this. There is one well-authenticated case, in which reco- 
very took place after a continuous submersion of fifteen minutes : § and 

* Trans., vol. xlv. p. 449. + ‘^Journal de la Pbys.,’* vol. ii. p. 98 et seq, 

J Dr. Hutchinson states that any man of ordinary ‘vital capacity’ can pass two minutes 
without breathing, if he first makes five or six forcible inspirations and expirations, so 
as to cleanse the lungs of the old air, and then fills his chest as completely as he can. 

“ For the first 15 seconds, a giddiness will be experienced ; but when this leaves us, we 
do not feel the slightest inconvenience for want of air.” (See “Cyclop, of Anat. and 
Phys.,” vol. iv. p. 1066.) 

§ The following are the facts of this case, as narrated by Marc (“ Manuel d’Autopsie 
Ca^verique M6dico-Legale,” p. 165) on the authority of Prater: — A woman convicted of 
infanticide was condemned to die by drowning. This punishment was formerly inflicted 
in Germany according to the now obsolete Caroline law, the culprit being inclosed in a 
sack with a cock and a cat, and sunk to the bottom of the water. In this instance, the 
woman, after having been submerged for a quarter of an hour, was drawn-up, and 
spontaneously recovered her senses. She stated that she had become insensible at the 
moment of her submersion ; a circumstance which adds considerable weight to the sup- 
position, based upon the post-mortem appearances in many cases of drowning, that death 
often takes place as much by Syncope (or primary failure of the heart’s action, conse- 
quent upon sudden and violent emotion, or upon physical shock) as by Asphyxia. If 
the reality of this state of Syncopal Asphyxia be admitted, there does not seem any 
adequate reason for limiting the possible persistence of vitality in a submerged body, even 
to half an hour ; especially if the temperature of «tbe water be such as not to (^use any 
rapid abstraction of its heat. 
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many others are on record, of the revival of drowned persons after an in- 
terv^ of half an hour, or even more ; but there is not the same certainty 
in regard to these, that the individuals may not have occasionally risen to 
the surface and taken breath there. It is not improbable, however, that 
in some of these cases a state of Syncope had oome-on at the moment of 
immersion, through the influence of fear or other mental emotion, con- 
cussion of the brain, &c. ; so that, when the circulation was thus enfeebled, 
the deprivation of air would not have the same injurious effect, as when 
this function was in full activity. The case would then closely resemble 
that of a hybemating animal ; for in both instances the being might be 
said to live very slowly, and would therefore not require the usual amount 
of respiration. The condition of the stiU-born infant is in some respects 
the same; and re-animation has been successfully attempted, when nearly 
half an hour had intervened between birth and the employment of resus- 
citating means, and when probably a much longer time had elapsed from 
the period of the suspension of the circulation. 

299. It has now been sufllciently proved, both by experiment and by 
pathological observation, that the first effect of the non-arterialization of 
the blood in the lungs is the retardation of the fluid in their capillaries, 
and also in those of the system generally; consequently, the arterial 
system becomes gorged with blood, the beats of the heart are frequent 
and energetic, its left side is distended, and a manometer introduced into 
the arterial system shows for a short time an increase in the pressure. 
The same condition holds with the right side of the heart and the 
pulmonary artery. The blood passes with difficulty through the 
capillaries of the lungs, and the venous system becomes turgid with 
blood. Then the arterial system begins slowly to empty itself of its 
blood, partly by contraction of its muscular tissue, stimulated by the 
presence of imperfectly-aerated blood, and partly by its natural elasticity, 
and thus a still greater accumulation takes place in the venous system. 
It is some time, however, before a complete stagnation takes place, since, 
as long as the proportion of oxygen which remains in the air in the lungs 
is considerable, and that of the carbonic acid is small, so long will some 
imperfectly-arterialized blood find its way back to the heart, and he trans- 
mitted to the system. This blood exerts a depressing influence upon the 
nervous centres, which is aided by the diminution that gradually takes 
place in the quantity of blood propelled to them ; and thus the powers of 
the Sensorial centres are suspended, so that the individual becomes un- 
conscious of external impressions; whilst the activity of the Medulla 
Oblongata also becomes diminished, so that the respiratory movements 
are enfeebled. The progressive exhaustion of the oxygen of the air in the 
lungs, and the accumulation of carbonic acid in the blood,^ increase the 
obstruction in the pulmonary capillaries ; less and less blood is delivered 
to the systemic arteries, and what is thus transmitted becomes more and 
more venous ; the nervous centres are now completely paralyzed, and the 
respiratory movements cease ; and the deficient supply of blood, with the 

* Setsohenow has made some important researches on the amount and kind of gases 
eontained in ‘the blood of asphyxiated animals (dogs). He found that only traces of 
oxygen could be discovered in either the venous or arterial blood : the quantity of 
nitrogen varied from 1 to 2 parts, of free carbonic acid from 28 to 88*8 parts, and of com- 
bined carbonio acid from 1*7 to 4 parte. (Henle and Meissner, “Berioht,” 1869, p. 806), 
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depravation of its quality, act injuriously upon the muscular system also, 
and especially weaken the contractility of Sie heart. In this enfeebled 
state, the final cessation of its movements seems attributable to two 
distinct causes, acting on the two sides respectively ; for on the right 
side it is the result of the over-distension of the walls of the ventricle, 
owing to the accumulation of venous blood ; and on the left to deficiency 
of the stimulus necessary to excite the movement, which is no longer 
sustained by its spontaneous motility. The heart’s contractility is not 
finally lost, however, nearly as soon as its movements cease; for the 
action of the right ventricle may be renewed, for some time after it has 
stopped, by withdrawing a portion of its contents — either through the 
pulmonary artery, their natural channel — or, more directly, by an 
opening made in its own parietes, in the auricle, or in the jugular vein 
(§ 219). On the other hand, the left ventricle may be again set in action, 
by renewing its appropriate stimulus of arterial blood. Hence, if the 
stoppage of the circulation have not been of too long continuance, it may 
be renewed by artificial respiration for the replacement of the carbonic 
acid by oxygen in the air-cells of the lungs, restores the circulation through 
the pulmonary capillaries ; and thus at the same time relieves the dis- 
tension of the right ventricle, and conveys to the left the due stimulus to 
its actions. — Of the mode in which the Pulmonary circulation is thus 
stagnated by the want of oxygen, and renewed by its ingress into the 
lungs, no other consistent explanation can be given, than that which is 
based on the doctrine already laid-down in regard to the capillary circu- 
lation in general (§ 248) ; namely, that the performance of the normal 
reaction between the blood and the surrounding medium (whether this 
be air, water, or solid organized tissue) is a condition necessary to the 
regular movement of the blood through the extreme vessels. That no 
mechanical impediment to its passage is created (as some have maintained) 
by the want of distension of the lungs, has been fully proved by the ex- 
periments of Dr. J. Reid on the induction of Asphyxia by the respiration 
of Nitrogen. And that a contraction of the small arteries and capillaries, 
under the stimulus of venous blood, cannot be legitimately assigned as 
the cause of the obstruction, is evident from the consideration brought to 
bear upon it by the same excellent experimenter ; namely, the suddenness 
with which the flow is renewed on the admission of oxygen, as contrasted 
with the slowness with which arteries dilate after the removal of the 
cause of their contraction (§ 226).f 

800. It is obvious that by the repeated passage of the same air 
through the lungs, it must, though originally pure and wholesome, 
become so strongly impregnated with Carbonic acid, and must lose 

* Of the two' chief modes of performing this operation, Dr. Sylvester’s method 
of alternately raising and depressing the arms, appears to be far preferable to Dr. Marshall 
Hall’s method of rotating the body half over, and pressing on its chest. See Marshall 
Hall’s work on “Drowning,” and “Med. Times and Gaz. 1858, vol. i. pp. 147, 176 etnq, 

+ For a fuller discussion of the pathology of Asphyxia, see the “ Cyclop, of Anat. and 
Phys.,” art. 'Asphyxia,’ by Prof. Alison ; the “Library of Practical Medicine,” vol. iii., 
art. ‘Asphyxia,* by the Author ; the Experimental Essay by Dr. J. Reid, ‘ On the Order 
of Succession in which the Vital Actions are arrested in Asphyxia,’ in the “ Edinb. Med, 
and Surg. Joum.,” 1841, and in his “Anat., Physiol., and Pathol. Researches;” and 
the Experimental Inquiry by Mr. Erich sen, in the “ ^inb, Med. and Surg. Joum,,’* 
1845. 
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SO much of its oxygen, as to be rendered utterly unfit for the con- 
tinued maintenance of the aerating process; so that the individual 
who continues to respire it, shortly bdoom^ asphyxiated. There are 
several well-known cases, in which the Rp^dy jjeath of a number of 
persons confined together has resulted from neglect of the most ordinary 
precautions for supplying theip with air. That of the ‘‘ Black Hole of 
Calcutta,” which occurred in 1756, has acquired an unenviable pre-emi- 
nence, owing to the very large proportion of the prisoners — 123 out of 
146 — who died during one night's confinement in a room 18 feet square, 
only provided with two small windows ; and it is a remarkable con^ma- 
tion of the views formerly stated (§ 205), and presently to be again 
ad verted- to, that of the 23 who were found alive in the morning, many 
were subsequently cut-off by ‘putrid fever.’ Such catastrophes have 
occurred even in this country, from time to time, though usually upon a 
smaller scale ; there has happened one at no distant date, however, which 
rivalled it in magnitude. On the night of the first of December, 1848, 
the deck-passengers on board the Irish steamer Londonderry were ordered 
below by the Captain, on account of the stormy character of the weather ; 
and although they were crowded into a cabin far too small for their ac- 
commodation, the hatches were closed-down upon them. The conse- 
quence of this was, that out of 150 individuals, no fewer than 70 were 
suffocated before the morning. 

301. It cannot be too strongly impressed upon the Medical prac- 
titioner, however, and through him upon the Public in general, that the 
continued respiration of an atmosphere charged in a far inferior degree 
with the exhalations from the Lungs and Skin, is among the most potent 
of all the ‘ predisposing causes ’ of disease, and especially of those zymotic 
diseases whose propagation seems to depend upon the presence of fer- 
mentible matter in the blood. That such is really the fact, will appear 
from evidence to be presently referred-to ; and it is not difficult to find a 
complete and satisfactory explanation of it. For, as the presence of 
even a small percentage of Carbonic acid in the respired air is sufficient 
to cause a serious diminution in the amount of carbonic acid thrown-off 
and of oxygen absorbed (§ 287), it follows that those oxidating processes 
which minister to the elimination of effete matter from the system, must 
be imperfectly performed, and that an accumulation of substances tending 
to putrescence must take place in the blood. Hence there will probably 
be a considerable increase in the amount of such matters in the piilmonary 
and cutaneous exhalation ; and the unrenewed air will become charged, 
not only with carbonic acid, but also with organic matter in a state of 
decomposition, and will thus favour the accumulation of both these 
morbific substances in the blood, instead of effecting that constant and 
complete removal of them, which it is one of the chief ends of the respi- 
ratory process to accomplish. — It has been customary to consider the 
consequences of imperfect respiration, as being exerted merely in pro- 
moting an accumulation of Carbonic acid in the system, and in thus 
depressing the vital powers, and rendering it prone to the attacks of 
disease. But the deficiency of Oxygenation, and the consequent increase 
of putrescent matter in the body, must be admired as at least a concur- 
rent agency ; and when it is borne in mind that the atmosphere in which 
a number of persons have been confined for some time, becomes actually 
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offensive to the smell in consequence of the accumulation of such exhala- 
tions, and that (as will presently appear) this accumulation exerts pre- 
cisely the same influence *^pon the spread of zymotic disease, as that 
which is afforded by ^e diffusion of a sewer-atmosphere through the 
respired air, it scarcely admits of reasonable doubt, that4he pernicious 
effect of over-crowding is exerted yet more through its tendency to 
promote putrescence in the system, than through the obstruction it 
creates to the due elimination of Carbonic acid from the blood. For it 
is to be remembered, that whilst the complete oxidation of the effete 
matters will carry them off by the lungs in the form of Carbonic acid 
and water, leaving urea and other highly-azotized products to pass-off 
by the kidneys, an imperfect oxidation will only convert them into 
those peculiarly offensive products which characterize the faecal excre- 
tion (§ 104).* The views here expressed have received a remarkable 
confirmation from the results of the extensive series of investigations 
undertaken by Pettenkofer and Voit,*]* who have observed that no dis- 
comfort was experienced from long exposure to an atmosphere containing 
10 parts of Carbonic acid in 1000 parts, providing this had been added 
to the air in a pure state ; but if the same quantity were present as a 
result of the respiration of several people, serious inconvenience was 
soon felt. The proportion of Carbonic acid present in the air of large 
towns has been examined by Dr. lioscoef and by Dr. Angus Smith. § 
Dr, Roscoe found the usual proportion of Carbonic acid in the air of 
London to be 3’7 parts in 10,000; whilst the proportion in Manchester, 
according to Dr. Smith, was 12 parts in 10,000 on a still day, and from 
4*0 to 8 parts in 10,000 on a windy day. From experiments made with 
permanganate of potash, he ascertained that on the high grounds north of 
Manchester there existed but 1 grain of organic matter in 200,000 cubic 
inches of air, whilst in close places in the town there was 1 grain in 8000 
cubic inches. The air of sewers, and generally air loaded with organic 
matters, has an alkaline reaction, from the presence of ammonia and 
sulphur et of ammonium. 

302. Of the remarkable tendency of the Respiration of an atmosphere 
charged with the emanations of the Human body, to favour the spread 
of Zymotic diseases, a few characteristic examples will now be given. — 
All those who have had the widest opportunities of studying the con- 
ditions which predispose to the invasion of Cholera, are agreed that over-- 
crowding is among the most potent of these ; and from the numerous 
cases in which this was most evident, contained in the ‘‘ Report of the 
General Board of Health” on the epidemic of 1848-9, the two following 
may be selected. — In the autumn of 1849, a sudden and violent outbreak 

* It is a remarkable confirmation of Prof. Liebig’s analogy between the imperfect 
oxidation of effete matters Mrithin the body, and that combustion in a lamp or furnace 
insufficiently supplied with air which causes a deposit of soot and yarioua empyreumatio 
products, that a set of acids have been found by Stadeler in the urine of the cow, bearing 
a close analogy to well-known products of destructive distillation, and one of them 
actually identical with the carbolic acid previously known as one of the ingredients of 
smoke. — See Prof. Gregory’s “ Handbook of Organic Chemistry,” p. 460. 

+ An abstract of these will be found in the “Med. Times and Gaz.” for Nov. 1, 
1862, p. 469. . 

t “Quarterly Journal of tl# Chemical Society,” 1867; and “Med.-Chir. Review,” 
1861, p. 429. 

g “On the Air of Towns,” quoted in “Med.-Chir. Rev.,” 1861, vol. ii. p. 438, 

X 
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of Cholera occurred in the Workhouse of the town of Taunton ; no case 
of cholera having either previously existed, or subsequently presenting 
itself, among the inhabitants of the town in general, although diarrhoea 
was prevalent to a considerable extent. The building was altogether 
badly constructed, and the ventilation deficient ; but this was especially 
the case with the school-rooms, there being only about 68 cubic 
feet of air for each girl, and even less for the boys. On Nov. 3, one 
of the inmates was attacked with the disease ; in ten minutes from 
the time of the seizure, the sufferer passed into a state of hopeless col- 
lapse ; within the space of forty-eight hours from the first attack, 42 
cases and 19 deaths took place; and in the course of one week, 60 of the 
inmates, or nearly 22 per cent of the entire number, were carried- off, 
while almost every one of the survivors suffered more or less severely 
from cholera or diarrhoea. Among the fatal cases were those of 25 girls 
and 9 boys; and the comparative immunity of the latter, notwithstanding 
the yet more limited dimensions of their school-room, affords a remark- 
able confirmation of the general doctrine here advanced ; for we learn 
that, although “good and obedient in other respects, they could not be 
kept from breaking the windows,” so that many of them probably owed 
their lives to the better ventilation thus established. Now in the Gaol 
of the same town, in which every prisoner is allowed from 819 to 935 
cubic feet of air, and jihis is continually being renewed by an efficient 
system of ventilation, there was not the slightest indication of the 
epidemic influence.* — The other case to be here cited, is that of Millbank 
Prison, in which the good effects of the diminution of previous over- 
crowding were extremely marked. In the month of July, 1849, when 
the epidemic was becoming general and severe in the Metropolis (espe- 
cially in those low ill-drained parts on both sides of the river, in the midst of 
which this prison is situated), the number of male prisoners was reduced, 
by the transfer of a large proportion of them to Shorncliff barracks, from 
1039 to 402 ; the number of female prisoners, on the other hand, not 
only underwent no reduction, but was augmented from 120 to 131. 
Now the Cholera-mortality of London generally, which was O’ 9 per 1000 
in June and July, increased to 4*5 per 1000 in August and September; 
and the mortality among the female prisoners underwent a similar 
increase^ from 8*3 to 53*4 per 1000 ; but the mortality among the male 
prisoners exhibited the extraordinary diminution^ from 23*1 per 1000, 
which was its rate during June and July when the prison was crowded, 
to 9*9 per 1000, which was its rate during August and September after 
the reduction had taken place.f It is scarcely possible to imagine a 
more probative case than this; since it shows, in the first place, the 
marked influence of the crowded state of the prison upon the fatality of 
the disease, — secondly, the diminution of mortality among the male 
prisoners, consequent upon the relief of the overcrowding, notwithstanding 
the quintupling of the general mortality of the Metropolis during the 
same period, — and thirdly, the yet greater increase of mortality among 
the female prisoners, which proved that the diminution among the males 
could not be attributed to any recession of the epidemic influence from 
the locality. 

303. The cholera-experience of the Indian army is fertile in examples 
• Op. cit., pp. 87 and 71, t Op. cit., App. u, p. 67. 
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of the same kind, whose peculiar character makes them even more re- 
markable. It is to be remembered that the normal amount of Kespira- 
tion is much lower in a hot, than in a temperate climate (§§ 143, 287) ; 
consequently, any deficiency of oxygenation will tend in a yet higher 
degree to promote the accumulation of putrescent matter in the system, 
and this especially when there has been any unusual source of ‘ waste,’ 
such as that induced by excessive muscular exertion. — The circumstances 
attendant upon the outbreak of Cholera, in 1846, at Kurrachee in Scinde, 
in which ten per cent of an army of 6380 men were carried-off, place the 
influence of these conditions in a very striking point of view. In order 
that the comparison may be fairly made, the data specified in the follow- 
ing Table will be taken only from European regiments, similar to each 
other in diet, clothing, regimen, habits, and every other conceivable 
particidar, save such as will be mentioned : — 


Designation. 

Strength. 

Deaths. 

Dcatlis 
per 1000. 

Exposure at 
Drill, &c. 

Provision 
for llespiriition. 

Previous 

Exertion. 

Officers’ Ladies . 

42 

0 

0 

Nil 

Good 

Nil. 

Officers . . . 

200 

3 

15 

Ordinary 

Mostly good 

Nil or slight. 

Horse Biigade . 

135 

5 

37 

Oldinary 

Good 

Moderate. 

60th Rifles . . 

980 

75 

76-5 

Ordinary 

Bad 

Nil. 

Artillery . . 

375 

37 

96-6 

Ordinary 

Good 

Severe. 

Bombay Fusiliers 
Soldiers’ Wives . 

764 

83 

108-6 

Ordinary 

Very bad 

Nil. 

159 

23 

144-6 

Nil 

Mostly very bad 

Partly severe. 

Do. of 86th Regt. 

— 

— 

166-6 

Nil 

Veiy bad 

Very severe. 

86 th Regiment . 

1091 

238 

218 

Ordinary 

Very bad 

Very severe. 


3746 

464 

124 





Now most of the Officers, and all the Ladies, were quartered in 
well- ventilated apartments ; and the only predisposing cause from which 
the former could be considered as liable to sufier, was the exposure, in 
common with the soldiers, to the burning heat diuing the hours of drill. 
Of the 9 officers attacked with cholera, of whom 3 died (only one of the 
fatal cases being an uncomplicated one), 4 belonged to the Bombay 
Fusiliers, and had been living (like their men) in tents. The Horse 
Brigade were lodged in good barracks, but had recently come off a 
march of 1000 miles ; being mounted, however, they must have suffered 
comparatively little fatigue from this. The 60th Kifies were quartered 
in barracks ; but the ventilation of these was very imperfect, and the men 
were much crowded. The battalions of Artillery were quartered in good 
barracks ; but three out of the four had recently made the march of 1000 
miles on foot. The Bombay Fusiliers were quartered in tents, whose 
accommodation was so limited, that 10 or 12 men were cooped-up in a 
space 14 feet square, with the thermometer ranging from 96° to 100°, and 
without any adequate provision for ventilation. The 86th Regiment was 
quartered in precisely the same manner ; and had recently made the 
march of 1000 miles under very unfavourable circumstances, besides 
having previously suffered from the debilitating influence of severe 
service. The condition of the Soldiers’ Wives as regards their accommo- 
dation would be the same as that of their husbands, but they would not 
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be subjected to the fatigue and exposure of drill ; on the other hand, their 
fatigue and exposure during a march would be scarcely inferior to that 
of &e men ; and it was among the women, as among the soldiers, of the 
86th Regiment, that the chief mortality occurred, their loss having been 
1 in 6, or 166-6 per 1000. — Thus we see that the highest rate of mortality 
presents itself, where the three causes were in concurrent action ; the 
absence of mortality, where neither of them was in operation. The 
difference between the mortality of the Bombay Fusiliers (108*6 per 
1000) and that of the 86th Regiment (218 per 1000), which were under 
precisely the same conditions as regards exposure and ventilation, 
shows the extraordinary influence of previous exertion ; but that this 
would not of itself account for the high rate of mortality in the 86th, is 
shown by the smaller proportion of deaths in the Artillery ; the influence 
of the same march upon three out of its four battalions, having been in a 
great degree kept-down by the adequate provision for their respiration, 
so that their mortality was less than that of the Bombay Fusiliers, who 
had not suffered from previous exertion, but were overcrowded in ill- 
ventilated tents. — It is scarcely possible to imagine any more satisfactory 
proof of the preventihility of a large part of this terrible mortality, than 
is afforded by the analysis of this case ;* but if any confirmation be 
required, it is afforded by the case of Bellary, a fortress about 250 miles 
north-west of Madras. Although by no means unhealthily situated, 
this station was not free from Cholera for a single year between 1818 
and 1844; and violent outbreaks took place occasionally, such as that of 
1839, in which the 39th Regiment was reduced in five months from 735 
men to 645, the number of deaths being 90, or 122| per 1000. The 
barrack-accommodation in this fort was extremely insufficient for the 
garrison regularly quartered in it; yet small as it was, it was occasionally 
encroached-upon still further by the introduction of troops upon their 
march ; and after such occasions of special overcrowding, a large increase 
in the mortality almost invariably occurred. But since the barrack- 
accommodation has been improved, the troops quartered at Bellary have 
ceased to suffer from cholera in any exceptional degree, and the ordinary 
rate of mortality has been considerably diminished. 

304. The only condition of atmosphere which can be compared with 
that arising from overcrowding, in its effect upon the spread of Cholera, 
is that produced by the diffusion of the effluvia of drains, sewers, 
slaughter-houses, manure-manufactories, &c., which correspond closely in 
their nature and effects with the putrescent emanations from the living 
Human body. So remarkably has the localization of the disease shown 
itself to be connected with this condition, that the knowledge of the 
existence of the latter makes it safe to predict the former; such a prediction 
being scarcely ever falsified by the result. — As a characteristic illustra- 
tion of the operation of this cause, the outbreak of Cholera at Albion- 
terrace, Wandsworth-road, in 1849, may be specially referred-to. This 
place consisted of 17 houses, having the appearance of commodious middle 
class dwellings; the population does not seem to have averaged more 
than 7 individuals per house, so that there was no overcrowing ; yet 
out of the total 119 or 120, no fewer than 42 persons were attacked 

* For a fuller Btatemenl of it, see the ‘‘Brit, and For. Med.-Chir. Rev.,*’ vol. ii. 
pp. 81-89. 
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with cholera, of whom 80 (or 25 per cent) died. It was not difficult to 
accoimt for this fearful result, when the circumstances of the case were 
inquired-into. About 200 yards in the rear of the terrace was an open 
sewer, whose effluvia were most offensive at the backs of these houses, 
whenever the wind wafted them in that direction ; and the drainage of 
the houses themselves was so bad, that a stench was continually per- 
ceived to arise from different parts of the kitchen-floor, and more espe- 
cially from the back-kitchen. Moreover, in the house in which the 
first case of cholera occurred, there was an enormous accumulation of 
most offensive rubbisli, exhaling a putrid effluvium. And there was 
also reason to believe, that the water supplied to some of the houses had 
accidentally become contaminated with the contents of a sewer and cess- 
pool.* — The accumulation of night-soil and other rubbish in a triangular 
space of about three acres in Withara, a suburb of Hull, had been repre- 
sented to the local authorities as almost certain to induce a severe out- 
break of cholera in the neighbourhood ; the prediction was disregarded ; 
but it was most fearfully verified by the occurrence of no fewer than 
91 deaths in its immediate neighbourhood.*!* — Numerous examples of 
the same kind might be cited ; but the following shows the efficacy of 
preventive measures. The Coldbath-fields House of Correction, situated 
in the neighbourhood of some of the most overcrowded and ill-drained 
parts of the metropolis, had suffered severely from Cholera in the 
epidemic of 1832-3; for out of 1148 prisoners, 207 were attacked with 
cholera, of whom 45 died, and 319 more suffered from diarrhoea. At 
that period, however, it was discovered that the whole drainage •of the 
prison was in a most defective state, and steps were taken to have it 
completely and effectually renewed; at the same time the diet was 
somewhat improved, and more attention was paid to temperature and 
ventilation. In the epidemic of 1848-9, with 1100 prisoners, there was 
not a single case of cholera in this prison, although the disease was raging 
in its vicinity ; and the cases of diarrhoea were lew in number, and were 
mild in their character. J 

305. The Cholera-experience of the United States, during the Epi- 
demic of 1 849-50, § afforded some of the most striking examples that have 
been anywhere displayed, both of the dire effects of neglect, and of the 
complete efficacy of preventive measures. The contrast is well shown in 
the manner in which the epidemic affected the town of Louisville, in 
Kentucky ; which is situated by the Ohio river, on a plateau about 
70 feet above low- water-mark, composed of sand and river-gravel, inter- 
mingled with tenacious clay, and reposing on a friable shale. This com- 
pound is peculiarly tenacious of moisture; and large ponds formerly 
existed, in the midst of which the first houses were built. While this 
state of things continued, Louisville was one of the most sickly towns 
in the Mississippi valley, and was commonly termed “ the graveyard of 
the West.” Intermittent fever was a regular visitant ; and epidemics 
of fever of other types frequently raged with great severity. Thus, in 

* Report of the General Board of Health on the Epidemic Cholera of 1848-9/’ p. 48. 

t Op. cit., p. 45. t Op. cit., App. b, p. 68. 

§ the ^Abstract of Report by James Wynne, M.D., on %idemic Cholera, as it 
prevailed in the United States in 1849 and 1850 constituting Appendix o to the Report 
of the General Board of Health on the Epidemic Cholera of 1848-9.” 
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the summer of 1822, after a hot rainy season, 232 persons died of bilious 
fever, out of a population of al^out 5000 ; in a family consisting of 20 
persons, 19 were sick at one time, and in some families every individual 
died. At this period, only one street in Louisville was paved ; and within 
its limits were at least eight ponds of greater or less dimensions, most of 
which, in the course of the autumn, were dried-up, exposing foul bottoms 
to the sun. Previously to the Cholera-epidemic of 1832-3, its condition 
had been somewhat improved; still the principal part of the town suffered 
severely. Much more, however, has been subsequently effected ; so that 
from being reputed one of the most unhealthy towns in the west, Louis- 
ville has come to be esteemed one of the most healthy : at the same time 
its population has increased from 10,000 in 1830, to 50,000 in 1850. 
Entire squares are now pointed-out, which occupy the beds of ponds once 
large and deep enough to float a steamboat. Still much of the lower 
part of the city is in a very foul condition ; the ground on which it is 
built being saturated with water to a considerable depth after heavy 
rains, and being also the receptacle of the filthy washings of the more 
elevated portion ; besides having many nuisances of its own, especially 
accumulations of decaying hem]j-offal. It was in this part that Cholera 
first made its appearance in 1849, in the identical square in which the 
earliest cases had appeared in 1832; and to this part it was almost 
entirely restricted. Those places in Lonisville^^ says the Medical 
Reporter, which lore the hrnnt of the Cholera in 1833, and which have 
been improved so as to he dry^ clean^ and airy^ have been as free ft^om 
Cholera as from the oriental plague. But those places in this city which 
were scourged in 1833, and which remain now in the state they were in 
then^ have been scourged again in 1849-50.” 

306. A yet more remarkable contrast is presented by the comparative 
experience of the City and of the Almshouse of Baltimore. During the 
spring of 1849, when, from the prevalence of Cholera in the great towns 
to the north, it appeared next to certain that the epidemic would visit 
Baltimore, not only its public authorities, but its citizens generally, exerted 
themselves with commendable zeal to ward-off its severity by active 
measures of sanitary purification. Although in many respects superior to 
the average of large towns, Baltimore was by no means free from those 
collections of filth invariably found to a greater or less extent among the 
most degraded portion of their population; and of the evil results of these, 
the constant presence of typhoid fever, among the miserable coloured 
inhabitants of its worst localities, had long furnished a standing proof. 
During the summer months, when the city was completely surrounded by 
the Choleraic atmosphere, diarrhoea and kindred affections became very 
prevalent in Baltimore; and Dr. Wynne further mentions, as of universal 
occurrence in those who had not a positive attack of diarrhoea, “ an unde- 
finable sense of oppression, not amounting to pain, over the whole region 
of the abdomen, reminding a person constantly of the existence of such a 
part of the body.” This state of things impressed the Medical authorities 
with the belief that the Cholera-poison was brooding over the town, and 
that an outbreak might be continually expected. Yet it entirely passed 
away, without giving rise to more than four attacks of genuine Cholera ; 
two of these being in the persons of Germans, who occupied a wretched 
tenement in a very filthy condition ; the third case being that of a man, 
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whose sleeping apartment looked-out upon an alley which had been suf- 
fered to remain in a very foul state; whilst the foiith, which occurred in 
the largest and most fashionable hotel in the city, was obviously an im- 
ported case. — Yet, as if for the very purpose of demonstrating that the 
immunity which the city itself enjoyed, was entirely due to the sanitary 
precautions which its inhabitants had so wisely taken, a fearful outbreak 
of Cholera took place in the Almshouse, only two miles out of town, which 
proved fatal to 9i) persons out of a population of 632, or nearly one in six; 
and it was only kept within this limit, by the promptness with which the 
sources of this terrible mortality were removed, when once they had been 
discovered. 

307. The circumstances of this outbreak were so peculiar as to need a 
somewhat detailed description. — The main building of the Almshouse was 
originally the country seat of a wealthy citizen, who erected a costly man- 
sion on an elevated site which he had sj)ecially chosen for its beauty and 
healthliilness ; it had subsequently been much enlarged, for the accommo- 
dation of its six or seven hundred inmates ; but it still remained entirely 
isolated, being surrounded by a farm of 200 acres, for the most part 
devoted to cultivation. From the original centre, two principal wings 
extended on either side, one for the male and the other for the female 
side, forming an extensive range of building, whose front had a southern 
aspect, whilst the back looked towards the north. Behind this were other 
wings running north and south, with various offices, spread over an area 
of about 4^ acres, which was enclosed by a wall. Like the city itself, the 
Almshouse had received a thorough purification, under the superinten- 
dence of the visiting physician ; whose directions, as regarded ventilation 
and internal cleanliness, seem to have been strictly complied with. 
Nevertheless an unequivocal case of Cholera presented itself on July Ist, 
another on July 7th, four more during the ensuing week, and on July 
14th thirteen of the inmates were attacked at once. All the patients were 
old inhabitants of the establishment, and had unequivocally contracted the 
disease on the spot ; but although fully impressed with the conviction 
that some special cause must exist for this raj)idly-increasing mortality, 
the visiting physician did not succeed in detecting it until the 19th, when 
he extended his survey, for the first time, beyond the enclosure, lie 
then discovered that the whole triangular space included between its 
posterior boundary-wall, and a ravine which approached within nine feet 
of its western angle, but which was separated from its eastern angle by 
an interval of about seventy feet, was one putrid and pestilential mass, 
capable of generating, under the ardent rays of a midsummer sun, the 
most poisonous emanations; for although the ravine was admirably 
adapted to carry-off the drainage of the establishment, this had never been 
properly conducted into it ; the overflowings of cesspools, pigsties, &c., 
having been allowed to spread themselves over the intervening area, 
which they kept, of course, in a state of constant pollution, superficially 
concealed by a rank weedy vegetation. Some difficulty was experienced 
in procuring men to remove this nuisance, so that it remained untouched 
till the 23rd. The pools of filth were then drained by trenches into the 
ravine, and were washed-out by a stream of fresh water; lime was spread 
over the whole surface ; and this again was covered with a thick layer of 
earth. The men employed in this work were attacked with Cholera, but 
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lieeorered* Th day afUr it was completed^ Hie number of cases in Hio 
Abnsliouse suddenly <&opped from eleven to three ; and within a fort- 
night morO) the disease had entirely disappeared. — ^But this is by no 
ineaiis alL The attacks of Cholera were for from being uniformly distri- 
buted through the building, but were almost exclusively restricted to 
those parts of it which were directly exposed to the emanations conveyed 
from this pestilential spot, by the northerly wind which blew steadily 
during the whole time of the prevalence of the disease. Thus, in the 
centre building, the Manager, who slept in a room looking to the north, 
was attacked, but recovered ; among his family, whose rooms looked to 
the south, no case of the disease occurred. Four medical students who 
occupied rooms beneath that of the Manager, and with the same exposure, 
were attacked, but recovered ; four others, lodged in similar rooms with 
a southern exposure, entirely escaped. The apothecary and coach-driver, 
who occupied rooms in the men’s wing wifii windows opening to the 
north, were both attacked, but both recovered. Among the pauper in- 
mates of the wings, those generally were seized who slept in the northern 
wards ; and it was observable that the male side suffered generally much 
more severely than the female, — s. difference not attributable to anything 
in the building or its inhabitants, but at once explained by the fact, that 
whilst no barrier existed between the male side and the putrid marsh, the 
female wing was protected from the pestilential current by three inter- 
vening rows of trees.* On the female side, however, a building ran in a 
north and south direction, of which the lower storey had a door in the 
north, opening quite near the putrid marsh, whilst the upper storeys had 
only a blank wall at this end ; this lower storey was tenanted by seven^ 
teen lunatics, all of whom were attached with Cholera, and all died, 
whilst not a single attack of Cholera took place among the inmates of its 
upper storeys. And in addition, it was noticed that the removal of the 
Cholera patients to the ward above the black people’s hospital, where the 
miasmatic influence was entirely unobstructed, was attended with a 
marked aggravation of their malady. 

308. Now although the Cholera-epidemics have been here referred- to, 
as affording the most remarkable examples of the influence of a contami- 
nated atmosphere in predisposing the individuals habitually living in it to 
the invasion of Zymotic disease, yet the evidence is not less strong in 
regard to the imiform prevalence of ordinary Fevers, &c., in the same 
localities ; the places in which Cholera was the most severe, having been 
almost invariably known as ‘ fever-nests’ in other periods, and being dis- 
tinguished by a very high rate of mortality. Thus the average age of all 
persons who die in Witham is only 18 years ; whilst the average age at 
death in the town of Hull (itself distinguished by an unusual brevity of 
life) is 23 years. — In the * Potteries’ at Kensington, a locality in which 
foth and overcrowding prevail to an almost unequalled degree, the mor- 
tality for three years previously to the invasion of Cholera had been such 

* These probably aoted not merely meohanically, by obstmoting the current, but also 
Chemically by decomposing or oxidating the noxious emanations. For it has been fre<» 
^uently remarked, that a screen or belt of ombrageons trees effectually secures the dwellers 
on the borders, and even on the leeward side, of the most pestiferous marshes, from the 
effects of th^ malaria. How far they have the same inffuenee on oninuH ^uvia, we 
are not yet m a position to state. ' 
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that the average age at death was only 11 yrs* 7 mo. ; and in the^rsi tm 
months of 1849, out of a population of about 1000, there were 50 deaths, 
of which 21 were from cholera and diarrhoea, and 29 from typhus fever 
and other diseases. It is illustrative of the common points between cholera 
and other zymotic diseases, that the former appeared there not only in 
the same streets and in the same houses, but even in the same rooms, widch 
had been again and again visited by typhus ; and there were several 
tenants of such rooms, who only recovered from fever in the spring, to frU 
victims to cholera in the summer. Subsequently to this epidemic, the 
average age at death has been further reduced, by an increase of infentile 
mortality, to as low as 10 years. — By way of contrast, it may be stated 
that in one of the “ Model Lodging-Houses,” containing about 550 in- 
mates, among whom was an unusually large proportion of children, the 
rate of mortality during the three years ending May, 1851 (including the 
whole period of the cholera-epidemic), was scarcely more than 20 in 1000; 
the proportion of deaths under ten years of age was only half that of the 
metropolis in general ; there was not a single attack of cholera, and there 
were only a few cases of choleraic diarrhoea, although the disease was 
raging in the immediate vicinity ; and from the time that the sewerage 
had been put into complete order, typhus fever had entirely disappeared, 
a few cases having occurred soon after the opening of the buildings, which 
were distinctly traceable to a defect in the drainage.* — The following case 
may be added, in proof of the potency of an atmosphere charged with 
putrescent emanations, in rendering the system liable to the attacks of 
Zymotic diseases of various kinds. A manufactory of artificial maniure 
formerly existed immediately opposite Christchurch workhouse, Spital- 
fields, which building was occupied by about 400 children, with a few 
adult paupers. Whenever the works were actively carried-on, particu- 
larly when the wind blew in the direction of the house, there were pro- 
duced numerous cases of fever, of an intractable and typhoid form ; a 
typhoid tendency was also observable in measles, small-pox, and other 
infantile diseases, and for some time there prevailed a most unmanageable 
and fatal form of aphthae of the mouth, ending in gangrene. »From this 
last cause alone, 12 deaths took place among the infants in three months. 
In the month of December, 1848, when cholera had already opcurred in 
the neighbourhood, 60 of the children in the workhouse were suddenly 
seized with violent diarrhcea in the early morning. The proprietor was 
compelled to close his establishment, and the children returned to their 
ordinary health. Five months afterwards, the works were recommenced; 
in a day or two subsequently, the wind blowing from the manufactory, 
a most powerful stench pervaded the building. In the night following, 
45 of the boys, whose dormitories directly freed the manufretory, were 
again suddenly seized with severe diarrhoea ; whilst the girls, whose dor-* 
mitories were in a more distant part, and freed in another direction, 
escaped. The manufretory having been again suppressed, there was no 
sub^quent return of diarrhoea.f 

309. It may not be amiss to add a few examples drawn from the 

* Op. cit., App. B, pp. 48 and 77 ; and Mr. Grainger't anhseqaant **B6port on 
the present state of certain parts of the Hetropolfr and on the Hodel 
ofh^don/'pp. 29, 36, 

f ** Beport of the Board of Healtili on Cholera, 184S-9,” p. 42, 
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WpOEionOe iFiiiob otir Indian possessions Imre a.£Med, of the inftuenoe 
of wn injsnfficient supply of pure air upon the ordinary mortality in our 
army and among the people under our control. — There are various 
military stations, which have lain under a most ill-deserved repute for 
unhealthiness, in consequence of the very imperfect barrack-accommoda- 
tion afforded to the troops quartered in them. Thus at Secunderabad, 
in the Madras command, the average annual mortality for the fifteen 
years previous to 1846-7, was 75 per 1000 ; this being nearly double the 
average of the whole presidency, and more than double that of the 
remainder of the stations. Now the complaints made year after year, by 
the medical oflicers of the troops which have been successively quartered 
at this station, leave no room for doubt as to the chief cause of this 
excess ; for the regiments of the Line quartered at Secunderabad have 
been always crowded in barracks quite insuflicient for their accommoda- 
tion, one-third of the men having been obliged to sleep in the verandahs, 
and the remainder getting by no means a due allowance of fi*esh air ; 
whilst, on the other hand, the Officers of these very regiments, who are 
better accommodated, and the detachment of ArtiUery quartered in more 
roomy barracks at no great distance, have never participated in this 
unusual mortality, thereby clearly showing the absence of any special 
causes of disease at this station, which might not be easily removed.* — 
The Barrackpore station, in the Bengal command, is even worse than the 
foregoing ; for every regiment quartered there, seems to suffer an almost 
complete decimation annually. Yet there is ample evidence, that here 
also the chief fiiult lies in the barrack-accommodation. — But one of the 
most terrible instances of the continuance of a high rate of mortality, 
which is almost entirely attributable to an insufficient supply of air, is that 
which is furnished by the Gaols under British control in India. In these 
are usually confined no fewer than 40,000 prisoners, chiefly natives ; and 
the average annual mortality of the whole was recently 10 per cent, 
rising in some cases to 26 per cent, or more than one in four. This is 
easily accounted-for, when it is known that in no case is there an allow- 
ance of more than 300 cubic feet of air-space for each individual, whilst 
in some instances 70 cubic feet is the miserable average If 

310. One more set of cases will be cited, as showing the marked effect 
of the habitual respiration of a contaminated atmosphere, not merely in 
engendering a liability to zymotic disease, but in directly producing a 
special form of infantile spasmodic disease, of the most fe^ul nature. — 
The dwellings of the great bulk of the population of Iceland seem as if 
constructed for the express purpose of poisoning the air which they con- 
tain. They are small and low, without any direct provision for ventila- 

* It is a remarkable confirmation of the view formerly stated (§ 62), as to the ten- 
dency of the habitual use of Alcoholic liqnora to induce a * fermentible* condition of the 
bloo^ by obstructing the elimination of the effete matters by the respiratory process, 
that when the 84th Begt., which is distinguished for its sobriety, was quartered at 
Secunderabad in 1847-8, it lost only 39 men out of 1189, or 84*2 per 1000, the average 
mortality of the other stations in the Presidency being about the same as usual. On the 
bther hand, the 68rd Begt, which was fas: from deserving a reputation for temperance, 
had lost 73 men during the first nine months of the preceding year, or at the rate of 
78*8 per 1000 during the entire year. Ail the facts here stated in regard to Secunderabad 
hnvtt been obttdned by the Author direct from the Army Medical Betums. 

f I>r« Mackinnotfs '^Treatise on the Publie Heahh, &o., of Bengal,” Cawnpore, 1848, 

duip. i 
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tion, tihe door serving alike as window and ohixoi^ ; ^ walls and tcx^ 
let-in the rain, which the door, chiedy composed of hard^ied sheep-^dnng, 
suoks-up ; the same room generally serves for all the ttses of the whole 
femily, and not only for the human part of it, but frequently also for Hie 
sheep, which are thus housed during the severer part ii the winter. The 
fuel employed in the country difitri(3ts chi^ oonmsts of cow-dung and 
sheep-dung, caked and dried ; and near the sea-coast, of the bones and 
refuse of fish and sea-fowl ; producing a stench, which, to those unaccus- 
tomed to it, is completely insupportable. In addition to this, it may be 
mentioned that the people are noted for their extreme want of personal 
cleanliness ; the same garments (chiefly of black flannel) being worn for 
months without being even taken-off at night. Such an assemblage of 
unfavourable conditions, combined with the cold damp nature of the 
climate, might have been expected to induce tubercular diseases of various 
kinds ; but from these the Icelanders appear to enjoy a special exemption 
(§ 46, III.). Syphilis, also, is wanting, or nearly so; and yet, notwith- 
standing that the number of births is fully equal to the usual average, 
the population is stationary, and in some parts actually diminishing. 
This is partly due to the extent and fatality of the epidemic diseases, of 
which some one or other spreads through the island nearly every year ; 
but it is chiefly owing to the extraordinary mortality of infants from 
Trismus nascentiumy which carries-off a large proportion of them between 
the fifth and the twelfth days after their birth. It is in the little island 
of Westmannoe and the opposite parts of the coast of Iceland, where the 
bird-fuel is used all the year round, instead of (as elsewhere) during a 
few months only, that this disease is most fatal ; the average mortality 
for the last twenty years, during the first twelve days of infantile life, 
being no less than 64 per cent, or nearly two out of three, — Now it is 
not a little remarkable that the very same disease should have prevailed, 
under conditions almost identically the same, in the island of St. Kilda, 
one of the Western Hebrides ; the state of which was made known by 
Mr. Maclean, who visited it in 1838. The population of this island, too, 
was diminishing rather than increasing, in consequence of the enormous 
infantile mortality ; four out of every five dying, from Trismus nascen- 
tium, between the eighth and twelfth days of their existence. The great 
if not the only cause of this mortality, was the contamination of the 
atmosphere by the filth amidst which the people lived. Their huts, like 
those of the Icelanders, were small, low-roofed, and without windows ; 
and were used during the winter as stores for the collection of manure, 
which was carefully laid-out upon the floor, and trodden under foot to 
the depth of several feet. On the other hand, the clergyman, who lived 
exactly as did those around him, except as to the condition of his house, 
had brought-up a family of four children in perfect health ; whereas, 
according to the average mortality around him, at least three out of the 
four would have been dead within the first fortnight. — Of the degree in 
which this fearful disease is dependent upon impurity of the atmo^ere, 
and is preventible by adequate ventilation, abundant proof is afforded by 
the experience of Hospitals and Workhouses in our own country. Thus 
in the Dublin Lying-in Hospital, up to the year 1782, the mortdity 

« See Island uudersogt fra hegevidenskabeligt SyniqMiiiGt.** Af P. 4, 8<ddel«ier| 
M.D.— Copenhagen, 1849. 
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the first fortnight, almost entirely fi^>in TrismuB nascentituu, waa 
I in eyery 6 children b<^. The adoption, under the direction of I>r» 
Joseph Clarke, of an improved system of ventilation, reduced the pro- 
portion of deaths foom this cause to 1 in 19^. And further improve- 
ments in ventilation, with increased attention to cleanliness, during the 
seven years in which Dr. Collins was Master of this Institution, reduced 
the number of deaths foom this disease to no more than three or four 
yearly.* — similar amelioration took place about a century ago, in the 
condition of the London Workhouses, in which 23 out of 24 ii^nts had 
previously died within the first year, and a large proportion of these 
within the first month ; for owing to a parliamentary inquiry which 
was called-forth by this fearful state of things, the proportion of deaths 
was speedily reduced (chiefly by improvement in ventilation) from 2600 
to 450 annually. 

311. Thus it appears that in all climates, and under all conditions of 
life, the purity of the atmosphere habitually respired is essential to the 
maintenance of that power of resisting disease, which, even more than 
the ordinary state of health, is a measure of the real vigour of the system. 
For, owing to the extraordinary capability which the human body possesses 
of accommodating itself to circumstances, it not unfrequently happens 
that individuals continue for years to breathe a most unwholesome atmo- 
sphere, without apparently suffering from it ; and thus, when they at last 
succumb to some Epidemic disease, their death is attributed solely to 
the latter ; the previous preparation of their bodies for the reception and 
development of the zymotic poison, being altogether overlooked. It is 
impossible, however, for any one who carefully examines the evidence, to 
hesitate for a moment in the conclusion, that the fatality of Epidemics is 
almost invariably in precise proportion to the degree in which an impure 
atmosphere has been habitually respired; that an atmosphere loaded with 
putrescent miasmata may afibrd a nidus wherein a zymotic poison under- 
goes a marked increase in quantity and intensity, the putrescent exhala- 
tions from the lungs and skin of the living subject being at least as 
effectual in furnishing such a * nidus,’ as are the emanations from faBcal 
discharges or from other decomposing matters ; that the habitual respira- 
tion of such an atmosphere tends to induce a condition of the blood, 
which renders it peculiarly susceptible of perversion by the introduction 
of zymotic poisons, and which favours their multiplication within the 
system and lastly, that by due attention to the various means of pro- 
moting atmospheric purity, and especially by efficient ventilation and 
sewerage, the rate of mort^ty may be enormously decreased, the amount 
and severity of sickness lowered in at least an equal proportion, and the 
fetality of Epidemics almost completely annihilated. The effects of good 

♦ See Dr. OolUns’e ** Practical Treatise on Midwifery,” p. 513. 

i* A carefdl consideration of the very satisfactory evidence which has been of late 
years ^Uected on this point, mast (in the Author's opinion) satisfy any competent and 
vmprejvdioed inquirer, that Bndemic Fevers, orizinating in local causes (marsh miasmata 
and th^Uke), and at first affecting those only who are exposed to such causes, may find^ 
^ the orowcUng-together of in^ted subjects, a nidut for development within the 
Hnioan system ; so that these diseases tfen l^ome communicable by human inter* 
course although not so originally. — For a discussion of this subject, see the Articles 

* Yeilov Few* aud the * Fever of Yista^' in the Brit, and For* Med,«Chir* 

vols. i* il and iv. 
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«bndiiag^ sod water-^ppl j have been recently aaemptificd in Hm 
case of Salisbury : the average number of deiUbs ibr the eight years 
preceding the completion of &e drainage in this town (excluding the 
Cholera year) having been 27 in 1000, and the same period since 21 
in 1000 ; an actual reduction of almost one-iburth of the whole number.^ 
And it cannot be too strongly borne in mind, that the efficacy of such pm^ 
ventive measures has been most fully substantiated, in regard to many of the 
very diseases in which the curative power of Medical treatment has seemed 
most doubtful ; as for example, in Cholera and Malignant Fevers.~The 
practical importance of this subject may be estimated fix>m the startling 
fact, which inquiries prosecuted under the direction of the Board <5* 
Health have brought to light;! — difference in the annual 
rates of mortality, between the most healthy and the most unhealthy 
localities in England, amounting to no less than 34 in 1000, is almost 
entirely due to Zymotic diseases, which might be nearly (if not com- 
pletely) exterminated by well-devised sanitary arrangements. The lowest 
actual mortality is 11 per 1000, while the highest is 45 per 1000; and 
between these extremes, there is every intermediate degree of range. 
But what may be termed the inevitable mortality, — arising from diseases 
which would not be directly affected by Sanitary improvements — is a 
nearly constant quantity throughout; namely, the 11 per 1000 of those 
districts which are free from Zymotic disease. The average mortalify of 
all England, in ordinary years, is about 22 per 1000, or just double that 
to which it might be reduced ; so that, taking the population of England 
and Wales (as by the last Census) at 20 millions, the average annual 
mortality must be 440,000, of which only 220,000 is inevitable^ an equal 
amount being preventible. 


CHAPTER Vra. 

OF NUTRITION, 

1. General Considerations, — Formative Power of Individual Parts, 

312. The function of Nutrition, considered in the widest acceptation 
of the term, includes that whole series of operations by which the iimen- 
tary materials, — prepared by the Digestive process, introduced into the 
system by Absorption, and carried into its penetralia by the Circulation, 
—are converted into Organized tissue : but in a more limited sense it 
may be imderstood as referring to the last of these operations only, that of 
Histogenesis or tissue-formation, to which all the other organic functions, 
in so far as they are concerned in maintaining the life of the individual, 
are subservient, by preparing and keeping in the requisite state of punty 
the materials at the expense of which it t^es place. Every integral part 
of the living body possesses a certain capacity frr growth and development, 
in virtue of which it passes through a series of successive phases, under 
the influence of the steady Heat, which in the warm*bloo^ animal is 

♦ See “Times,” Oct 24, 1868. 

t See * * Sammary of B3q>6rieiioe on Disease, and Contpara^Te Bates of Mortilhy,’* 
William Dee, Superintending Inspector, 1851. 
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upon it; this cftpaclt^ being an endovmeikt whidi it 
derives by direct descent from the OTigmal germ (chaf. i.), but undergo^ 
ing a gradual diminution mth the adyance of life (chap, rviii.), until the 
pow^ of maintenance is no longer adequate to antagonize the fo|*ces 
that tend to the disintegration of the system. It has been also shown 
(chap. V.), that notwithstanding the diversities in the structure and corn* 
position of the several tissues, the Blood supplies the materials which 
each requires ; every tissue possessing (so to speak) an elective affinity for 
some particular constituents of that fluid, in virtue of wfiich it abstracts 
them from it, and appropriates them to its own uses. — But it has been 
shown, on the other hand, that the ‘ formative capacity ’ does not exist in 
the tissues alone, but is shared by the Blood, which must itself be. re- 
garded as deriving it from the original germ; for there are certain 
sinyjte kinds of tissue, which appear to take their origin directly in its 
p!aSsc components. Of others, which cannot be said thus to originate in 
the blood, the development seems to be entirely determined by the quan- 
tily of their special pabula which it may contain. Thus, an increase of 
Adipose tissue takes place, when the blood habitually includes an unusual 
amount of fat ; an augmentation in the proportion of the Red Corpuscles 
of the blood may be distinctly observed (especially if it has been pre- 
viously diminished unduly), when an additional supply of iron is afforded; 
and when one of the Kidneys has been removed, or is prevented by disease 
from performing its normal function, the other, if it remain healthy, 
undergoes an extraordinary increase in size, so as to perform the duty 
of bofib organs, the augmented development of its secreting structure 
being here also fairly attributable to the accumulation of its appropriate 
materials in the blood.* Even of those tissues which must be considered 
as most independent and self-sustaining, the development is not only 
checked by the want of a due supply of their appropriate materials, but 
it is modified in a very remarkable degree by the presence of abnormal 
substances in the blood, which single-out particiilar parts, and effect 
determinate alterations in their nutrition, in such a constant manner as 
to show the existence of a peculiar ‘ elective affinity ’ between them. — 
In BO far, then, as the process of Nutrition is dependent upon the due 
supply and normal state of the Blood, its conditions have been already 
sufficiently discussed ; and we have now only to consider it in its rela- 
tions to the Tissues. 

813. The demand for Nutrition primarily arises from the tendency of 

* This principle is one most fertile in Pathological applications ; for there can be little 
doubt that the development of many morbid growths is due, not so much to a pervei'ted 
local action, as to the presence of certain morbid matters in the blood, which deter- 
mines the formation of tissues that use them as their appropriate pabulum. Such is 
pretty obviously the case with those disorders, which (like the Exanthemata) are 

universidly admitted to be of * constitutional* character, and which are distinctly trace- 
able to a poison introduced through the blood, whose first influence is exerted in modi- 
fying the physical and vital properties of that fluid : and the evidence has been of late 
aooumulating, that it is true also of the various forms of Cancer, the local develop- 
ment of an abnormal structure being in this case, also, nothing else than the manifesta- 
tion of the existence of that peculiar matter in the blood, which is the appropriate 
nutriment of its component tissues ; or, as Mr. Simon appropriately designates it, ** a 
new excretory organ, which tends essentially to acts of eliminative secretion, just as 
distinctly as the heathy liver or the healthy kidney.** — See Mr. Simon*s Lectures on 
€l<eneral ^Pathology,*' pp. 87, lfi2 ; and Mr. Paget*B ** Lectures on Surgical Pathology,** 
vcL i p. 441, a^ voL if. pp. 52$ et aeq. 
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organiBm to simple Increccse or Qrowtlu Of we bare Ibe most 
eharai^eristic illustration in the multiplication of the &rst ea^bryonic 
cell by the ample process of ^ duplicative subdivision;* whereby a multi^ 
tude of cells is produced, every one of which is similar in all essartial 
particulars to the original. But after the different parts of this homo-- 
geneous embryonic mass have taken .upon themselves their respective 
modes of development, so as to generate a diversity of tissues and organs, 
each one of these continues to increase after its own plan ; and thus the 
child becomes the adult, with comparatively little change but that of 
growth (chap. XVI., Sect. 4). An excess of growth, taking place con- 
formably to the normal plan of the tissue or organ, constitutes Hyper^ 
trophy; whilst a diminution, without degeneration or alteration of 
structure, is that which is properly distinguished as Atrophy , — But 
Orowth is not confined to the period of increase of the body genUgijJly ; 
for it may manifest itself in particular organs or tissues, as a nonrikl 
operation, at any subsequent part of life ; as when an extraordinary 
demand for the functional activity of a particular set of Muscles 
is supplied by an increase in the amount of their contractile tissue, 
— And further, even where there is no such manifestation of in- 
crease, there is really a continual growth in all the tissues actively con^ 
cemed in the vital operations, and this even to the very end of life ; 
although it may be so far counterbalanced, or even surpassed, by changes 
of an opposite kind, that instead of augmentation in bulk, there is absolute 
diminution. 

314. The evolution of the complete organism jfrom its germ, however, 
does not consist in mere growth ; for by such a process nothing would 
be produced but an enormous aggregation of simple cells, possessing 
little or *no mutual dependence, like those which constitute the shape- 
less masses of the lowest Algea. In addition to increase there must 
be Development^ that is, a passage to a higher condition, both of form 
and structure; so that the part in which this change takes-plac© 
becomes fitted for some special function, and is advanced towards the 
state in which it exists in the highest or most completed form of its 
specific type. Thus the development of tissue consists in the change from 
a simple mas3 of cells or fibres into any other form ; as in the production 
of Dentine from the cellular substance of the tooth-pulp, or in the forma- 
tion of Bone in the sub-periosteal membrane. So, again, the develop- 
mental change is seeu in the passage of an entire organ from a lower to 
a higher condition, by the evolution of new parts, or by a change in the 
relations of those already existing, even though the change in its texture 
should consist of little else than of simple increase ; thus in the develop^ 
ment of the Heart, we have the original single cavity subdivided, first 
into two, and at last into four chambers : and in the development of the 
Brain, we find the sensory ganglia to be the parts first formed, the anterior 
lobes of the cerebrum to be evolved (as it were) from these, the middle 
lobes sprouting-forth from the back of the anterior, and the posterior 
from the back of the middle ; yet with all this, there is no pxoduotion of 
any new kind of tissue, the new parts being generated at the expense of 
histological components identical with those of the pre-existing^— Now it 
is in the early period of embryonic life, that the 46mlcpimntal process k 
most remarl^bly displayed ; for it is ^en that we see that transfbrmA*- 
tion of the primordial cells into tissues of various kinds, which originates 
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% ipooki mW in paii, wiiereby the production of the i iine^)ai|M 
m continuity with that drst-fbrmed, comes to be a simple act of 
and it is then also that we observe that marking-out of all the {nHSu 
organs, by the development of tissue in particular difections^PH&%i 
makes all subsequent evolution but a completion or filling^gplp^ 
plan thus sketdhed-out. Thus, during the first days of inciM^yil 
the Chick, Ihe foundation is laid of the vertebral column, the 
centres, the organs of sense, the heart and circulating system, the aUmenr 
tary canal, the respiratory apparatus, the liver, the kidneys, and many 
other parts ; and at the termination of that period, the chick emerges in 
such a state of completeness of development, that little else than increase 
is wanting, save in the plumage and sexual organs, to raise it to its 
perfect type. The same may be said of the Human organism ; save that 
the period of its development is relatively longer, in accordance with 
the higher grade which it is ultimately to attain ; its earliest stages 
being passed-through, however, with extraordinary rapidity. The conr- 
plete evolution of the generative organs, of the osseous skeleton, and of 
the teeth, constitute the principal' developmental changes which the 
Human organism undergoes in its progress from the infantile to the 
adult condition; almost every other alteration consisting in simple increase 
of its several component tissues and organs, without any essential change 
in their form or structure. And when the adult type has been once com- 
pletely attained, every subsequent change is one rather of degeneration 
than of development, of retrogression rather than of advance. 

315. The difference between these two processes of Growth and Deve- 
lopment is most characteristically shown in those cases, in which there 
is a partial or complete arrest of one of them, without any correspond- 
ing impairment of the other. Thus a dwarf, however small in stature, 
may present a perfect development of every part that is characteristic of 
the complete human organism; the deficiency being solely in the 
capacity for growth. On the other hand, the usual size at birth may be 
attained, and every organ may present its ordinary dimensions, and yet 
some important part may be found in a condition of arrested develop- 
ment : thus the Heart may consist of a single cavity, or the inter- ventri- 
cular or inter-auricular septa may be incomplete, so that the organ has 
not passed beyond the grade of development which it had attained at an 
early period of embryonic life, although its growth may have con-^ 
tinned ; or the Brain may in like manner exhibit a deficiency of the 
posterior lobes, or of the corpus callosum, or of some other part whose 
formation nominally takes place in the latter months of intra-uterine life, 
although the parts already produced may have continued to grow at 
their usual rate. — Numerous instances of the same kind might be cited, 
but these must sufiice. 

316. The demand for Nutrition arises, however, not merely from the 
exercise of the formative powers which are concerned in the building-up 
of the organism, but also from the degeneration and decay which are 
continually taking-place in almost every part of it, and the effects of 
which, if not antagonized, would speedily show themselves in its com- 
plete disintegration. As each component cell of the organism has to a 
certain degree an independent life of its own, so has it also a limited 
4nration; and its duration usnally bears an inverse ratio to itsiimotional 
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This is particularly striking when we compare the ratio 
^^C^Mfange in the organisms of cold-^bJooded animals at low and at 
. iSKtoperatures ; for they live slowly, need little nutriment^ give- 
a small amount of excretory products, and require a long 
iplf^dybilj^e performance of the reparative processes, V|Lder the former 
J but live fast, require a comparatively large jSupp^jr of nutri* 
^give-off a far greater amount of carbonic acid and other ex-^ 
cretions resulting from the ‘ waste’ of tissue, and exhibit a Jar more rapid 
reparation of injuries, in the latter state. The constantly-high tempera* 
ture of Man, as of other warm-blooded animals, prevents this difference 
from being displayed in him in a similar manner ; but it is well seen when 
we contrast his different tissues with each other, and study their respec* 
Jive histories. For whilst there are some (i.) which appear to pass 
through all their stages of growth, maturation, and decline, within a 
*liihited period, there are others (ii.) whose existence seems capable of 
; ah^ost indefinite prolongation, and others (iii.), again, which are liable to 
have a period put to their life at any time, by the direction of their vital 
force into other channels. 


I. Of those belonging to the first category, which are actively con- 
cerned in the purely-vital operations of the organism, a characteristic 
example is presented by the Ovule ; which, if not ferljilized within a 
limited period after its maturation, speedily declines and decays ; and the 
same law of limited duration doubtless extends to a large proportion of 
such tissues as are actively concerned in the maintenance of the organic 
functions ; as for example, the Corpuscles of the blood, the Epithelial 
cells of many glands which are instrumental in the process of Secretion, 
the cells forming the parenchyma of the Absorbent and Vascular Glands, 
and many others. 

II. The contrary extreme to this may be found in those tissues whose 
functions are rather physical than vital; and especially in such as undergo 
consolidation by the deposit of solidifying matter, either in combination 
with the animal membrane or fibre, or in its interstices. Such tissues 
are more withdrawn from the general current of vital action ; and there 
seems to be no definite limit to the duration of some of them, except such 
as is imposed by the chemical and mechanical degradation to which they 
may be subjected. This appears to be the case with the simple Fibrous 
tissues, especially the yellow, even in their soft or unconsolidated 
state ; but it is far more obvious in the dentine and enamel of Teeth, 
which are formed by the combination of calcareous salts with an animal 
matrix, and which retain their condition apparently unchanged through 
the whole remainder of life, under circumstances which show that if any 
nutritive action takes place in them, its amount must be extremelj^ small. 
In the dentinal structures of the young, however, there is obviously a 
determinate limit of existence; as is shown by the exuviation, at a certain 
definite epoch, of the first set of teeth, which exuviation is usually pre* 
ceded by the death and partial disintegration of their texture* In Hair, 
Nails, and other Epidermic appendages, again, whose substance, wh^ 
once it has undergone consolidation by the deposit of homy matter, may 
remain unchanged for centuries, we must recognize the same principle of 
indefinite duration, in connection with the cfessatioh of vitsd activity i 
the chemical constitution of these textures, moreover, being such as 
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iBmduettn them but Httle ppone to be acted-upon by ordinaiy decomposing 
^^lenoies. The limit of existence seems more determinate, however, in 
l^ne ; for not only do we find that, in the first development of this sub^ 
stance, a considerable part of the tissue originally generated by the con- 
solidation of it|»osseous or cartilaginous matrix speedily disappears, and l 
that during the whole period of growth of the shaft of a round bOne,J 
there is a continual removal of its inner and older portions, whereby i ' 
medullary cavity is progressively enlarged ; but there is strong evideno 
that, even after the bone has attained its full dimensions, a replacement^ 
of old Haversian systems by new is continually in progress. 

III. In the case of the Muscular and Nervous tissues, however, we 
tface the operation of causes that differ from any of those already specified. 
These tissues are doubtless subject, like all others that are distinguished 
by their vital activity, to the law of limited duration ; for we find that, 
when not called into use, they undergo a gradual disintegration or wast- 
ing, which is not adequately repaired by the nutritive processes. But 
their existence as living structures appears to be terminable at any time, 
by the exercise of their functional powers; for the development of 
muscular contractility or of nervous force seems to involve, as its neces- 
sary condition, a metamorphosis (so to speak) of the vital power which 
was previously exercising itself in the nutritive operations; and the 
materials of these tissues, now reduced to the condition of dead matter, 
undergo those regressive changes which speedily convert them into 
excrementitious products. But the very manifestation of their peculiar 
vital endowments determines an afflux of blood towards the parts thus 
called into special activity ; and from this it comes to pass, that the 
nutrition of these textures is promoted, instead of being impaired, by 
the losses to which they are thus subjected ; so that their constant 
exercise occasions an augmentation, rather than a diminution, of their 
substance, — a due supply of the requisite materials being always pre- 
supposed. 

317. Thus it comes to pass, that during the whole period of active 
life, a demand for Nutrition is created by every exertion of the vital 
powers, but more especially by the evolution of the Nervous and Mus- 
cular forces. The production and application of these, indeed, may 
be considered as the great end and aim of the Human organism, so far 
at toast as the individual is concerned ; the whole apparatus of Organic 
life being subservient to the building-up and maintenance of the Nervo- 
muscular apparatus, and •of those, parts of the fabric {e.g. the bones, 
cartilages, fibrous textures, &c.) which it uses as its mechanical instru- 
ments. Thus the activity of all the Organic operations, when once the 
full measure of growth has been attained, is mainly determined by that 
of the Animal fhnctions; and as the ‘rate of life’ of all the parts which 
minister to the former will be proportioned to the energy with which 
they are called-upon to perform their functions, their duration will 
diminish in the same proportion, and hence occasion will arise for their 
continual renewal.* But since, in the attainment of the adult con- 

* Snoh aa excellent illustration is afforded by tbe phenomena of Yegetatioi^ of the 
doctrines here propounded, ^at it scarcely appears desirable to pass it by in this place, 
at^ngh H has b<^ elsewhere more fully referred'to (Paiyo. of Comp. Phis.,*’ |§ 

leaves of plants serve, like the absorbing and assimilating cells of A]^inal% 
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the productiTe capacity has undergone a gzadnai diminutioi^^ 
whilst the exercise of the animal powers haa become vastly increased^ 
the formative processes are only capable of maintaining the Organism ^ 
its state of completeness and vigour, by making-good the losses oon^ 
sequent upon the continual disintegration to which h is subjected by 
its nervo-muscnlar activity. And with the advance of years, the fhrther 
diminution of the productive capacity involves,— on the one hand, a pro- 
gressive decrease in the substance of the tissues and organs most im^ 
portant to life (their bulk, however, frequently remaining unchanged, or 
even increasing, in consequence of the accumiilation of fat), — and on the 
other, a gradual weakening of its powers of action. See chap. xvin. 

318. The performance of the function of Nutrition, the demand for 
which arises out of the causes that have been now discussed, is dependent, 
not merely upon a due supply of pure and well-elaborated blood, but also 
upon the normal condition of the part to be nourished, and especially 
upon its possession of a right measure of ‘ formative capacity;’ in virtue 
of which, the newly-produced tissues are generated in the likeness, as well 
as in the place, of those which have become effete. The exactness of this 
replacement is most remarkably shown in the retention of the characteristic 
form and structure of each separate organ or part of the body, and thus of 
the entire organism, through a long series of years ; no changes being 
apparent (so long as the state of health is preserved), but such as are con- 
formable to the general type of that alteration which the organism imder- 
goes with the advance of life. And not only is this to be noticed in the 
conservation of all those distinguishing points of structure which mark 
the species and are essential to its well-being, but it is still more remark- 
ably displayed in the continuous renewal of those minor peculiarities 
which constitute the characteristic features of the individual, and which 
serve to distinguish him from his fellows. And how much this depends 
upon the formative capacity originally derived from the germ, is evident 
from this, that a similar moulding (so to speak) of the nutritive material 
takes place, in its original development, at first into the form character- 
istic of the species, and afterwards into that which marks the individual ; 
and that the peculiarities of the individual are frequently such as have 
been distinctive of one or other of the parents, or present a combination 
of both. But it is curious that the formative power should often be exer- 
cised, not only in maintaining the original type, but also in keepin^|lp 
some acquired peculiarity; as, for example, in the perpetuation of a Bea- 
trix left after the healing of a woimd. For, as Mr. Paget has remarked, 

for the introduction and elaboration of the nntritiye materials which are to be applied 
to the extension of the fabric ; the more permanent and inactive parts of which are 
thus generated at the expense of materials prepared by the vital operations of the more 
transitory and energetic. Now there is an obvious limit to the duration of the leaf-cells ; 
but this limit is not precisely one of timCf being rather dependent upon the completion 
of their aeries of vital actions. Thus, although we u:e accustomed to look upon ^ 

* fall of the leaves* (which is nothing else than an exuviation consequent upon death) 
as a phenomenon of regular seasonal recurrence, and to regard their replacement by a 
new growth as occurring at a not less constmit interval, yet experience diows that these 
interns are entirely regulated by temperature ; for if one of the ordinaiy de^tious 
trees of temperate climates be transferred to a tropical climate, it viU live much faster, 
its leaves bc^ shed far more frequently, and being rep&eed much more fipeedUy; so 
that two, or even three, successive exuviations and reproducthms of its folli^ may 
take piUM within a year. 
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the tiestie of a cicatrix grows and assimilates nutrient matenal, ^ctl^ as 
do its healthy neighbouring tissues ; so that a scar which a child might 
have said to be as long as his own fore-hnger, will still be as long as his 
fore-finger when he becomes a man. And when the mode of nutrition in 
any part has been altered by disease, there is frequently an obstinate ten- 
dency to the perpetuation of the same alteration ; or, if the healthy action 
be for a time restored, there is a peculiar tendency to the renewal of the 
morbid process in the part ; and this is stronger the more frequently it 
recurs, imtil at last it becomes inveterately established. There is, how- 
ever, in the Tissues generally, as in the Blood, a general tendency to a 
return to the normal type, after it has undergone a temporary perversion; 
and thus it is that we find the typical structure of parts gradually 
restored, when the morbid tendency has been overcome ; and that even 
cicatrices and indurations, notwithstanding their usual obstinate persis- 
tence, occasionally disappear. The normal type is, perhaps, less likely to 
be thus recovered, when the departure from it is very slight, and consists 
rather in the wrong plan (so to speak) on which the new matter is laid 
down, than in a perversion of the nutritive process itself. 

2. On the Balance of the Vital Economy ^ or the Relations which subsist 

between the Ingesta^ the Metamorphosis of Tissue^ and the Egesta.’^ 

319. During the last few years many laborious investigations have 
been undertaken, with a view to determine what may be called the 

balance of the vital economy or in other words, to ascertain not only 
the kind and quality of food requisite to maintain life under varying ex- 
ternal conditions, but to gain an insight into the manner in which different 
kinds of food are applied to the formation of tissue, and to the main- 
tenance of animal heat ; and also the mode in which the results of their 
metamorphosis within the body are ultimately discharged by the various 
excretory organs. The experiments of Chossat and Mr. Savory already 
alluded to (§ 40), may be said briefly to show that, during inanition, an 
animal lives upon itself, consuming about one-half of its body before death 
occurs ; and we may be sure, from the care that we elsewhere see to be taken 
by nature in the preservation of life, that the animal then lives most 
economically. But we cannot conclude from analyses of its egesta in the 
fasting state, or from calculations based on those analyses of the quantity 
of Albumen or Fat actually consumed in the acts of life, that we have ob- 
tained accurate data of the minimum required for the maintenance of the 
Amimal in its normal state ; for numerous experiments have shown, that if 
the same amount of food be given to an animal as will exactly cover its 
egesta in the fosting state, the excretions by skin and lungs, urine and 
feces, will exceed that quantity in weight; clearly showing that the animal 

* The following are some of the more important recent works on this subject 
Bidder and Schmidt, “ Die Verdauungssftfte und der Stoffweohsel,” 1852. Lawes and 
(Hlbert, ^‘Philosoph. Trans.,” 1859. BischoflF and Voit, ** Die Gesctse der Emahrung 
des PleisohfieBsers,” Leipzig, 1860. Henneberg and Stohmann, ^^BeitrUge zur Bat. 

Fn^ernng der Wiederkatier,” Braunschweig, 1860. Banke, ^'Archiv f. Anat nndPbys.,” 
1862. Bettenkofer and Yoit, *^Annal. d. Chemie nnd Fharmacie/’ 1862. Schiitzen- 
bexger, ^*Chemie appliqn5 d laPhysiologie,” 1864. — The Editor mnst here acknowledge 
kit obUgationB to tfe standard works of Fnnke, Ludwig, Yierordt, Budge, Longet, and 
IG^^Edwards; In each of which, excellent sectionB on “Nutrition** will found* 
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still consumes a portion of its own body, or, in other words, that more 
than a minimum is required. According to Bidder and Schmidt, whilst 
the loss of weight sustained by an inanitiated Carnivorous quadmped is 
about 2*2 per cent daily, nearly twice as much, or 4*4 per cent, is required 
to keep up its weight to the ordinary standard. The cause of the increased 
‘ change of matter’ which occurs when a due supply of food is consumed, 
has probably been correctly referred by these experimenters to the circum- 
stance that the performance of the various operations of digestion, asdmi-* 
lation, &c., which are necessary preliminaries to the appropriation of nu- 
tritive matter by the tissues, itself involves no inconsiderable consumption 
of what was previously existing in the body. Hence they estimate that 
the respective amounts of the various digestive fluids which are daily 
poured into the alimentary canal of an adult Man weighing 14 stone, are 
nearly as follows : — 


oz. grains. 

Saliva 56*8 containing 233 of solid matter. 

Bile 66*8 „ 1208 „ 

Gastric juice . . . 147*2 ,, 2976 ,, 

Pancreatic fluid . . 7*1 ,, 810 ,, 

Intestinal juice . . 7*1 ,, 46 ,, 


So that nearly 10 oz. (tro^) of solid matter are separated from the blood 
in the digestive secretions, for the purpose of introducing new alimentary 
materials of not more than two or three times the amount ; and thus we see 
tha#a large portion of the food ingested and assimilated must be consumed 
in providing for the introduction of a further supply, in addition to that 
which, when duly assimilated, is applied by the nutritive processes to the 
repair of the solid tissues. 

320, The mode of conducting experiments of this nature consists, 
in the first place, in administering to an animal definite quantities 
of aliment, the chemical composition of which is accurately known; 
the quantities and composition of the several excreta are then ascer- 
tained ; and finally, the variations in the total weight of the body from 
day to day are determined with the most rigorous exactitude. It 
is then obvious that we shall be able to ascertain approximatively the 
amount of Oxygen absorbed, and the ultimate, and to some extent even the 
intermediate changes which the constituents of the food have imdergone. 
The real difllculty in these inquiries lies not only in the precise estima- 
tion of the nature and quantity of the various excretions, — a difficulty which 
is experienced to some extent when the products of only a single excre- 
tory organ are under examination, and which is increased manyfold in 
attempts to determine the variations of all — but in referring the organic 
compounds found in those egesta to their true origin from the consti- 
tuents of the Food, or of the tissues which have undergone metamorphosis 
in the body. Admitting, then, that in such calculations as those wMdi 
will now be adduced, various elements of error are present, which only 
frequent and careful subsequent experiments can wholly eliminate, it will 
be found that the precision of modem research has obtained results of 
surprising accuracy ; giving indications that it will hereafter be possible to 
follow closely every step of the successive changes which the diffi^^ent 
kinds of food undergo, from the moment of their introduction into the 
body, to the period of their ultimate discharge. Before proceeding to 
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oOQjdder the efibcts of vanations in the quantity and kind food upon 
nutrition generally, the following Tables, drawn up by Vierordt, may be 
advantageously studied. They represent the Ingesta and Egestaof a well- 
nourished Man for a single day, the quantities being expressed in 
grains. 

Inoesta. 



Total. 

HO 

C 

H 

N 

0 

Oof Air. 

Air 

11,488 

— 

— 

•— 

— 

— 

11,488 

Albumen . • . 

1,852 


990 

138 

292 

438 



Fat .... 

1,390 

— 

1,083 

158 

— 

147 

— 

Staroh .... 

5,095 

2,828 

2,267 

— 

— 

— 

— 

Water .... 

40,684 

— 

— 

— 

— 

— 

— 

Salts .... 

494 

49,515 

11,488 








61,003 

2,828 

4,392 

291 

292 

685 

12 

11,488 

,073 


Egesta. 


Lungs , . . . 

Skin .... 

Urine .... 

Fseces .... 

Total .... 
Water formed. . 

Total. 

HO 

C 

H 

N 

0 

Sa%. 

18,990 

10,342 

27,267 

2,656 

5,095 

10,190 

26,248 

1,976 

3,841 

40 

5 105 

1 46 

309 

35*5 

15-6 

46* 

? 

244 

46 

10,054 

111 

140 

81 

185 

1 401 

93 

1,746 

61,001 

48,509 

4,841 

i 

1 

97 

290 

10,521 

494 

194 

291 


228 

1,324 

12,078 


In the second Table (Egesta) it will be observed there are two series of 
numbers under the head of Urine. The upper one denotes the quantity 
of Urea and other nitrogenous compounds ; the lower, that of the remain- 
ing organic constituents of the Urine. The number 10,054, under the 
head of Oxygen, also indicates the quantity of that gas contained in the 
Carbonic Acid eliminated by the Lungs. As regards the Hydrogen of 
the Egesta, it will be observed that one-third is already in combination 
with oxygen; there remain, therefore, two-thirds (194 grains) to be 
oxidized in their passage through the body. These require 1552 grains 
of oxygen, and of this greater part (1324 grains) is derived from the 
atinosphere, the remainiiig 228 grains being derived from the food itself 
which last is that quantity of oxygen which is not covered by the other 
excreta. — The relative proportions in which the Egesta are distributed 
amon^ the several excretory organs appear to be, therefore, the 
following 
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The Ijaagg eliminate 82 per oeat of the total eic<mtta« 

The Skin „ 17 ^ » 

The Fsoes ,, 4^ ,, „ 

The Urine ,, 46^ ,, ,, 

— In now endeavouring to trace some of the metamorphoses which the food 
imdergoes in its passage throiagh the body, it will be convenient to 
consider the evidence which can be obtained by an analysis of the excretSi 
Of the nature and quantity of the constituents of the body which undergo 
metamorphosis during inanition — that is, during the absence of all fo^ 
except the oxygen inspired by the Limgs. The protracted and careful 
experiment instituted by Bidder and Schmidt on a Cat will here be 
recorded, and thus the mode of proceeding in these inquiries will be 
indicated; and it will afterwards be sufficient to mention the general 
conclusions obtained from other experiments made with the view of deter- 
mining the influence of special kinds of diet. 

321. Bidder and Schmidt found that a Cat deprived of Food ^ed in 
18 days, having lost half its weight. During this interval they observed 
that the diminution of weight which took place was equal for equal 
periods, excepting during the first few days, when it was somewhat 
greater in consequence of the excretion of the remains of the previous 
food. The several excretions also diminished, though by no means in 
exact proportion to the loss of weight of the body generally : the quantity 
of Carbonic acid expired, for instance, though at first steadily foiling 
with the diminishing weight of the body (so that during this period a 
given weight of the animal constantly evolved the same weight of that 
gas), increased from the 8th to the 16th day (so that a given weight of the 
body eliminated a constantly increasing quantity), whilst during the last 
two days it became rapidly loss, a change which was coincident with the 
rapid fall of temperature observed by Chossat to occur shortly before 
death.* The quantity of Urine, again, at first fell proportionately more 
rapidly than the weight of the body; from the 3rd to the 16th day it 
sank proportionately, and during the last two days far more rapidly &an 
the general weight of the body. After the 10th day all the Bile secreted was 
discharged by the Faeces. The proportions of Sulphuric and Phosphoric 
Acids increased absolutely, but their relative proportions remain^ im- 
changed. It is remarkable, as showing the great importance of Chloride 
of Sodium in the animal economy, and the tenacity with which it is 
retained by the tissues, that this salt soon entirely ceased to be excreted. 
It was found that the whole amount of Nitrogen excreted by the Urine 
and Faeces in the 18 days was 475 grains. Now the proportion of 
Nitrogen in the muscles of the Cat, deprived of water ^ was 15*07 per 
cent ; and this might also be considered as representing the proportion of 
Nitrogen in the ^buminous compounds contained in the Blood and in 
the nervous and glandular tissues, which are expressly included by 
Schmidt as furnishing a portion of the excreted Nitrogen. Consequently 
475 grains of Nitrogen would correspond to the, metamorphosis of 3166 
grains of Albumen. But every 3156 grains of Albumen contain 1878 
grains of Carbon ; and if this amoimt be deducted from the total qiaantity of 
Carbon excreted during the 18 days by the lungs, kidneys and bowel% 

* In Pettenkofer and Voit’s experiments the quantity of Carhoaio Acid mm found to 
foil at the dose of life to one^half of its prerions amount* 
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wMch amounted to 3180 grains, there is a remainder of 1602 grains of 
Carbon excreted those organs, which must clearly have proceeded 
from the metamorphosis of some other tissues than the albuminous. 
They must proceed from the disintegration of Fat. But 1602 grains of 
Carbon represent 2050 grains of the ordinary fat of the Cat : that quantity 
must, therefore, have been decomposed during the period of inanition. 
In this manner, then, the proportions of albumen and of fat which under- 
went metamorphosis during the 18 days are obtained. If these be 
together deducted from the total loss of weight experienced by the animal, 
18,643 grains, we obtain the number 13,337 grains, which represents the 
loss of water by the various excretory organs. A certain proportion of this 
water, which is calculated by Schmidt to amount to 10,906 grains, pro- 
ceeds from the water of hydration of the decomposed albumen of the 
Blood, Muscles, Nerves, <fec., and the remainder is drawn from the other 
constituents of the body. To render these results more intelligible, 
Schmidt has constructed the following table : — 


Material under- 
going Meta- 
xnor^osis, in 
grains. 

Water. 

Carbon. 

Hydrogen. 

Nitrogen. 

i 

<5 

Inorganic 

substances. 

i 

-O. 

9 

CQ 

Phosphoric 

Acid, 

• 

«iii 

||F 

8156 grains of 
dry Albumen . 


1,678-5 

207-3 

475-7 

676-4 

185 

33*55 

58 


2050 grains of 
Fat .... 

_ 

1,601-fi 

240-7 

_ 




m 

_ 

13,387 grains of 
Water . . . 

13,837 


_ 

_ 

_ 


■ 

■ 

2030 grains of 
Water were 
also drank . < 

2,030 

— 

— 

— 

— 

— 



1 

■ 

Total, exclusive 
of Oxygen ab- 
sorbed by the 
Lungs . . . 

15,867 

3,180 

448 

476-7 

884 

185 

83-55 

58 


There were ex- 
creted by the 
Lungs, Kid- 
neys, and 

Faeces, exclvr 
sive of the ex- 
pired Water, 
and of the 
Oxygen com- 
bing with 

Oarbon (as 

CO,), and with 
Bnlphnr (as 
SO.) . . . 

11,341 

8,180 

72 

475*7 

284 

154*8 

17*4 

55 

190 

Aqueous Tapour 
expired • . 

4026 

— 

876 

— 

600 

— 

— 

— 

— 


From these data the quantity of Oxygen absorbed by the animal in 18 
days may be calculated, by d^ucting from the absolute quantity of Oxygen 
expired in combination with Carbon and Hydrogen, the amount of 
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Oxygen (= 600 grains) remaining disposable from tbe mefcamorphoBed 
•constituents of the body (albumen and frt). Schmidt tihus calculates 
that 9336 grains were absorbed by the Lun^ of which 76*5 pa^ reap- 
peared, combined with carbon as carbonic acid, in the expired air. — The 
metamorphosis of tissue having been determined in this way for Ae 
whole period of 18 days, and the amounts of the several excreta having 
been thus referred to their origin, we now proceed to inquire into the 
proportionate amounts of the different tissues undergoing this self-con- 
sumption during the several days of fasting ; since, from the variation 
which has been already mentioned as occurring in the nature and quan- 
tities of the excreta, it is evident that the consumption of the animal’s 
own tissues, and the disintegration and discharge of their products by the 
several excretory organs, do not remain the same. The most important 
of the conclusions drawn by Schmidt on this point are — 1. That whilst 
the daily quantity of Fat undergoing oxidation, in a fasting animal, 
remains nearly constant ; that of the Albumen falls in the course of the 
first two days to one-half, then remains constant for eight days, then falls 
slowly, and during the last two days diminishes rapidly and considerably. 
The exhaled carbonic acid amounts at first to double, and at the close of 
life to three times the amount of the constituents of the body decomposed, 
— a necessary consequence of the circumstance that at the former period 
(as is shown by the amount of urea eliminated in the urine) the albu- 
minous compounds, but at the latter the fatty substances, are chiefly 
metamorphosed. 2. The quantity of expired aqueous vapour diminishes 
continually but unequally, felling more quickly at the commencement 
and at the end of the experiment. The proportion of aqueous vapour 
eliminated by the skin and lungs to that discharged by the lurine and 
faeces remains constant as 10: 7. The absorption of oxygen was also 
found to diminish unequally, being much less at the commencement of 
the period of inanition and towards the close of life. The quantity of 
oxygen expired as carbonic acid also fell (from 80 to 73 per cent). On 
the whole, a fasting animal loses daily 1 per cent of its body substance, 
calculated as free from water, of which 0*6 is albuminous and 0*4 fat; 
and as terminal products of these substances, plus the oxygen inspired, and 
including the water normally present, there are discharged — 


2*16 per cent of the body weight of Carbonic acid 

1*60 „ 

»» 

Aqueous vapour 

0*20 ,, 

yt 

Urea 

0*008 „ 

ft 

Sulphuric acid 

0*011 

tt 

Phosphoric acid 

0*029 

tl 

Salts 

0*08 „ 

it 

Dry Paces, including 



0*62 per cent of 



biliary matters 

2*24 

it 

Water 


Bj the Skin and 
Lungs. 

By the Kidneys. 




the Urine and 
Fasces. 


Bischoff and Voit have made several similar series of researches on a dog, 
after having previously in one experiment fed him well; in a second, afW 
having gr^ually diminished the amotmt of food ; and in others, after, 
having given him an excessive supply of meat and fat. The general con- 
clusions at which they arrived were, that during inanition the amount of 
consumption of the animal’s own tissue was dependent upon its siae ; since, 
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if it had been prenously well fed, it lost more in a given time, and if it 
had been badly fed, it lost less ; living in the latter case, as it were, more 
economically. And further, the consumption was found to fluctuate be- 
tween the two chief fectors of the body, the muscular tissue and the fat, 
in such a manner that a very muscular animal consumed more flesh, and 
a very fet animal more fat ; which result is attributable in part to the 
presence of a greater bulk or mass of the tissue, which is consequently 
more exposed to the action of the oxygen absorbed, and undergoes a 
greater amount of disintegration. In the experiment in which the animal 
had been previously well fed, and with a mean weight of 70 lbs., the pro- 
portion of nitrogen to that of carbon eliminated was as 1;19; the 
proportion of nitrogen eliminated per diem for each 1 lb. of body weight 
being 2*1 grains, and of carbon 40 grains. In a second experiment, where 
the dog had previously been fed on progressively-diminishing quantities of 
meat, and weighed 70*7 lbs., the proportion of N. to C. was as 1 : 24, and there 
were eliminated for each 1 lb. of body weight 1*68 grains of N. and 40 
grains of C. In a third experiment, where the dog had been so abun- 
dantly fed that its mean weight throughout the experiment was 85 lbs., 
the proportion of N. to C. was as 1 : 16*3, the quantity of N. eliminated 
per diem to each 1 lb. of body weight being 1*54 grains, and 25*2 grains 
of C. — Similar observations have been made by Ranke* on himself ; 
and the influence of diet in Man, in effecting a variation in the composi- 
tion of the excretions, is well shown in the following table, based on his 
experiments : — 

Proportion of 

Nitroffen to Carbon Quantity of Nitrogen Quantity of Carbon 
in the collective excreted per diem excreted per diem for 
excretions of the for each 1 lb. of body each 1 lb. of body 
Skin, Lungs, and weight, in grains. weight, in gndns. 

Kidneys. 

With mixed food . ... 1:12 . 1*817 . 45*7 

In inanition 1:17 . 1*000 . 17*82 

1:25 . *788 . 19*6 

1:6 . 8-67 . 52*8 

Ranke found in his experiments that Man required more carbon, ix, 
more fat or starch, in his food to supply the wants of his economy, than 
appeared to be requisite in the Dog experimented on by Bischofi* and 
Voit ; and he further remarks that the quantity of nitrogen appearing in 
the excreta bears an inverse proportion to the carbon contamed in the 
food ; consequently, when the fat or starchy constituents of the food are 
insufficient, the albuminous constituents of the body are drawn upon or 
are consumed to maintain the temperature. Moreover, he believes that 
he has proved that, after a few days of fluctuation consequent upon change 
of diet, the whole amount of nitrogen ingested in the food may be reco- 
vered fitjm the turine and faeces. He found also— 1. That the minimum 
quantity of urea (containing nearly all the nitrogen) is discharged during 
hunger. 2. That whilst mere increase in the quantity of food, irrespec- 
tive of its composition, has no effect in increasing the quantity of nitrogen 
eliminated by the kidneys, an increase in the proportion of nitrogenous 
diet is foEowed by an increased discharge of urea, though this does not 


With non-nitrogenous food , 
With excessive and exclu- J 
sive meat-diet (4 lbs) . ) 


♦ « MhUer's Archiv,” 1862, p. 885 tt teq. 
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rise propcsrtionately for 24 boors at least; the howo^er^ eiadtix!^ 
^ some dme after the withdrawal of such ibod. S. The saine holds wi& 
regard to uric acid. — ^In none of the experiments perftHmed by Bisohoff 
and Voit was any direct estimate made of the CJarbonio Acid evolved at 
the Lungs ; but it was calculated on Regnault's and Rdset^s average ftor 
dogs, derived from their experiments, and no allowance was made for the 
dii^ution which, as has already been observed, takes place in the respi*^ 
ratory activity of fasting animals during the last day or two previous^ to 
death, and was distinctly stated to occur by Schniidt. This omission 
seems to be of considerable importance, however, since it has been recently 
established by Pettenkofer and Voit, in experiments made upon the same 
Dog as that employed by Bischoff and Voit, that the quantity of Carbonic 
acid varies not only within very considerable limits, but that it bears no 
definite relation to that of the Nitrogen discharged. In their experiments, 
whilst the quantities of nitrogen eliminated as urea varied under different 
circumstances as 1 : 13, that of carbonic acid only varied as 1 : 2*7. 

322. The conclusions arrived at by Bischoff and Voit upon the effect 
of feeding their Dog on pure meat-diet are especially interesting. They 
found that in order that the animal should neitiier lose nor gain in weight, 
a daily supply of meat equal to from l-20th to l-25th of the whole weight 
of its body was required (a much smaller proportion than that found 
requisite by Bidder and Schmidt in the experiments on the Cat) ; and 
that if less than this were supplied, a loss of weight took place in conse- 
quence of the animal consuming some of its own flesh and fat; whilst if 
more than this proportion were supplied, a gain in weight occurred. But 
to produce a daily increase in weight — ^a constantly increasing weight — a 
relatively larger proportion of food was continually required, until at last 
a maximum was attained ; the animal then loathed its food, consumed no 
more, and rapidly returned to its standard weight. At the same time 
they found that the quantity of meat which the dog required to cover loss 
on the one hand, and to form flesh on the other, varied always with the 
mass of the body. In the well-fed animal, therefore, it required more, 
in the badly-fed less, to produce the same effect. They farther con- 
clude that when large quantities of meat are consumed, the products 
of its retrogressive metamorphosis take up or combine with the oxygen 
of the blood, and that thus the fat of the animal is spared ; the animal’s 
temperature being sufficiently maintained by the combustion of the 
secondary products of the disintegration of the albuminous compounds. 

323. The results of the addition of fat to the food of a carnivorous 
animal also possess a high degree of interest. Bischoff and Voit found 
that in inanition about 3860 grains of muscular tissue underwent meta- 
morphosis in their dog per diem, as indicated by the quantity of nitrogen 
in the urine ; whilst when from ^ to | lb. of ikt was daily given, the 
quantity of nitrogen eliminated only indicated a metamorphosis of 8134 
grains of the albuminous constituents of the body. In like manner it 
was found that if the animal were placed on a diet of meat so sparing as 
to be insufficient to maintain it at its full weight, and therefore to neces- 
sitate the consumption by the animal of its own body, the addition of &t 
to the food immediately diminished the quantity of its own body-ftedi 
consumed ; and yet again, if fat were freely given, a much less quantity 
of' meat was required to maintain the anixnal at its full weight, if it 
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OH iHeat alone. From all these experiments it is clear that^ as 
J^schbff and Voit conclude, the fet exerts a protective influence over the 
albuminous tissues, sparing their consumption or oxidation by its own 
greater affinity for oxygen f so that, whereas during inanition, insufficient 
meat-diet, or sufficient diet of meat free from fat, the heat of the animal 
is maintained at the expense of the oxidation of the albuminous tissues, 
and the products of their retrogressive metamorphosis, — when fat is added 
to the food, its direct combustion takes up the oxygen, and prevents its 
action on the nitrogenous tissues. It even spares its action on the ani- 
mal’s own fat ; since this, being stored up in vesicles, is less accessible 
to the action of oxygen than the free fe-t contained in the blood. More- 
over, it appeared that if increased quantities of meat were supplied with 
the addition of abimdance of fat, an increase in the quantity of nitrogen 
was observed, just as when increased proportions of pure flit free from 
flesh were administered. From this Bischofr and Voit conclude that the 
fat, besides sparing the tissues, exerts a second influence, that of aiding 
their metamorphosis; and that the products of the metamorphosis of 
these albuminous constituents, after having formed tissue, accumulating 
in the blood, take up the oxygen, even though the fat be also present. A 
much simpler explanation, however, appears to be, that in these experi- 
ments, after the condition of equilibrium between the food supplied and 
the requirements of the tissues had been attained, the extra or surplus 
albuminous compounds imdergo direct oxidation in the blood ; and thus, 
together with the fat, minister to the maintenance of the temperature of 
the animal, whilst their nitrogen is discharged as urea.* Whilst, there- 
fore, a certain proportion of fat in the food diminishes the quantity of 
nitrogenous diet required, we can readily understand that in order to 
fatten an animal a certain and indeed a large proportion of albuminous 
material, together with fat, must be supplied in the food ; for not only 
is such nitrogenous material requisite for the maintenance of the cardiac, 
respiratory, and other movements, but the products of its retrogressive 

* It is important here to notice that Bischoff and Voit assume that all the Nitrogen 
of the absorbed food is directly applied to the formation of tissue, and, indeed, of mus- 
cular tissue ; secondly, that all the nitrogen excreted proceeds from the metamorphosis 
of muscular tissue ; and thirdly, that nearly the whole of the nitrogen proceeding from 
such disintegi’ated muscle is discharged by the kidneys as Urea ; a certain small pro- 
portion, bearing a definite ratio to the body-weight, and independent of the quantity of 
the food, being eliminated by other organs, as perhaps by the Skin and Lungs, under 
the form of Carbonate of Ammonia. But it is well known that, independently of the 
nervous and glandular tissues containing nitrogen as an essential constituent, and there- 
fore eliminating it during the disintegration consequent on their vital activity, a certain 
proportion of nitrogen is discharged by the skin through the desquamation of epithelial 
scales and the growth of hair, &c, ; whilst even in the urine itself besides the urea, 
various other compounds containing nitrogen are present. Now, although the contin- 
gent of each of these is small, yet in the aggregate they may, and in many instances 
probably do, amount to a considerable quantity ; and thus it happens that some experi- 
menters have found a remarkable deficiency in the amount of nitrogen excreted, as com- 
pared with that which had been ingested, when the urea alone has been taken into 
account. Thus Lehmann, on a purely animal diet (eggs), only recovered 4-fiths of the 
nitrogen from his urine ; and Schmidt found a deficiency of nearly one-half in some of 
Jus expex^ents. Hoppe has fdso shown that an extraordinarily different amount of 
nitrogen is recoverable from the urine, according to the nature of the food : when this 
was purely animal, nearly fi-fiths of the nitrogen was eliminated by the urine ; but 
when a quantity of sugar was administer^ with the same quantity of meat^ very 
little ntore than one-half ffie nitrogen could be recovered. 
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metamorpliosis, by combining with oxygen, spare the &t of I3i6 Ibod and 
of the tissues, and enable the former to be deposited in the bodv^ And 
this view is corroborated by the observation of Pettenkofer and voit^that 
if a large quantity of meat were taken, the entire quantity of carbon con-* 
tained in it was not found in the expired air ; but on the other hand, the 
whole amount of nitrogen re-appeared in the urine, whence it seems 
probable that fat was deposited.* Sugar and starch consumed with a 
meat-diet seem to operate in precisely the same manner as fat, except that 
their action, in combining with oxygen, and thus sparing both the adipose 
and nitrogenous tissues, is, in consequence of their greater affinity for 
oxygen, still more marked than fat ; and if large quantities of sugar be 
given with sufficient albumen, a deposition of fat invariably takes place* 
824. The differences which exist between Carnivora and Herbivora, in 
regard to the mode in which the constituents of the Ingesta are distri* 
buted through the excretions, is well shown in the following table, which 
represents the estimate deduced by Bidder and Schmidt from their ob- 
servations upon a full-grown Cat, which was allowed for a week as much 
meat as it could eat, and the results obtained by Valentin from the obser- 
vations of Boussingault upon a Horse. 


Of 100 parts of 

Ffflces. 

Urine. 

Pulmonary and Cuta- 
neous Ejoialation. 

Cat. 

Horse. 

Cat. 

Horse. 

Cat. 

Horse. 

Water . . . , 

Carbon .... 
Hydrogen .... 
Nitrogen .... 
Oxygen .... 

Ashes 

Sulphur .... 

per cent, 
1-2 

1*2 

1*1 

0 2 

0*2 

92*9 

60*0 

per cent 
61 8 
34-6 
40-3 
56-7 

41 4 

1 85 -6 

per cent. 
82-9 

9 '5 
23-2 
99*1 
4*1 
7-1 
50-0 

per cent. 
5-9 
2-7 
2-6 
27-1 
1-0 

1 

per cent. 
16*9 
89*4 
76*6 
0-7 
96*7 

per cent. 
82*3 
62*7 
67*2 
17*2 
57-6 


The first and most remarkable feature of difference between these two sets 
of results, is the very large proportion which the fsccal discharges of the 
Horse bear to the other excretions; this obviously proceeds from th? in- 
digestibility of a large part of the alimentary substances it consumes. 
Of the water taken into the alimentary canal or formed within the body, 
nearly two-thirds passes-off with the faeces in the Horse, whilst nearly 
the whole is absorbed in the Cat : and of that which is absorbed by the 
Horse, little more than one-seventh passes into the urine, the remainder 
being exhaled from the lungs and skin ; whilst in the Cat, the pro- 
portion which passes-off by the skin is less than one-sixth of that which 
is absorbed, the remainder being eliminated by the urine. Of the 
carbon taken into the system, a relatively-Iarger proportion passes-off 
by the lungs in the Horse, while a relatively-Iarger proportion enters 
the urine in the Cat : this is probably because the great bulk of the 
carbon in the food of the Horse exists in those non-azotized compounds, 
which can be readily converted by oxygenation into carbonic acid and 
water, and which consequently yield little or nothing to th© Urine; 
whilst those products of the decomposition of albuminous substances v^ch 

* See Syd. Soc. ** Tewr-Book,” 1862, p. 
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jpIMl ifito tihe lirine^ though especially rich in nitrogen, carry wilh them 
A certain measnre of carbon into that excretion. It is probably for the 
iwme reason that the amount of hydrogen is relatively larger in the 
pulmonary exhalation of the Horse, and in the urinary excretion of the 
Cat On the other hand, we see that whilst the nitrogen of the food is 
almost exclusively eliminated through the urine in the Cat, as much as 
40 per cent of that which has been absorbed into the system passes-off 
by the lungs and skin in the Horse. Nearly the whole of the oxygen^ 
in each case, passes-off by the lungs ; the relatively-larger proportion in 
the urine of the Cat being due to the greater amount of Ihose products 
of decomposition of albuminous substances into which oxygen enters. 
That half of the sulphur contained in the food of Carnivora should pass 
off in the feces in an unoxidized or imperfectly-oxidized state, and that 
the other half should be excreted, chiefly in the condition of sulphates, 
formed by the oxidation of the sulphur and by its combination with 
alkaline bases, is a fact of great interest, in connection with the question 
of the ultimate destination of the bile. For, with the exception of the 
small amount of sulphur contained in the undigested residue of the food, 
the sulphur of the feces must be entirely derived from the bile, of which 
secretion it is an important constituent. But of the bile which is poured 
into the alimentary canal, a large part is certainly re-absorbed (§ 103), 
its constituents being destined to undergo oxidation, and to be elimi- 
nated, for the most part, by the respiratory process ; and it is probably 
from this re-absorbed portion of the bile, that the sulphur of the urine 
is derived. It appeared from other experiments performed by Bidder 
and Schmidt, that, when the bile was not allowed to flow into the intes- 
tinal tube, but was collected from biliary fistufe, from 10 to 12 per cent 
of the absorbed carbon, and from 11 to 13 per cent of the absorbed 
hydrogen, passes into the biliary excretion : neither the solids of the 
feces, however, nor those of the urine, were sensibly affected by the 
abnormal removal of these constituents, which fell entirely upon the 
products of respiration, these being diminished to that amount. Hence 
it seems obvious, that although only half of the sulphur is taken-up again, 
neariy the whole of the hydrocarhonaceous part of the bile must be re- 
absorbed, to be finally eliminated by the respiratory process ; so that we 
may consider the entire of these constituents absorbed from the food, 
that remains after the separation of the components of the urine, as 
being finally separated from the body by the respiratory process. Ac- 
cording to Bidder and Schmidt, 100 parts of dry flesh are decomposed in 
the living body, with the co-operation of 167 parts of oxygen obtained 
from the atmosphere, into 31 parts of urinary substances, 2 parts of 
fecal matter, 182 parts of carbonic acid, and 52 parts of aqueous vapour. 
Nearly the same relative proportions are presented when the waste of 
tissues is not supplied by new alimentary matter, as exist when the animal 
is kept on a flesh-diet ; so that we may regard these as representing the 
destination alike of the products of the ultimate metamorphosis of the 
tissues of the living body, and that of the products of decomposition of 
superfluous or unassimilated aliment of the Carnivorous animal. In 
die Herbivorous animn.], on the other hand, only a small part of whose 
aliment is albuminous in its composition, the proportion just stated will 
apply only to that part, and to the products of the ultimate metamor- 
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phosis of its tissues; since the whole of the hjdroaurbomioeous ooiSiponente 
of its food, whether saccharine or oleaginous, are eliminated me pui^ 
monary and cutaneous exhalation. Thus, then, we see that, throughout 
life, a continuous interchange of material takes place in the v^sub^anoo 
of the tissues, and that new material, derived firom without, is being ocm- 
Btantly laid down to replace the old and effete substance, which, in the 
act of developing force in one form or another, undergoes oxidation, and, 
as we shall immediately see (§ 327), is then taken up by the circulating 
current, to be removed by the excretory organs. In the earliest periods 
of life, how active soever the oxidizing processes may be, the power of 
the fabric to seize and apply the substances employed as food is superior, 
and the results are seen in the processes of growth and development. In 
adult life the balance is more equably preserved, and all the faculties of 
the body attain their highest state of efficiency. But in old age, with the 
increasing debility of all the vegetable processes, with dimmished ca-- 
pability of absorption, diminished energy and rapidity of the circulating 
current, with more compact and drier tissues there comes to be a 
gradual deficiency in the processes of nutrition, imtil at length the body 
ceases to be able to nourish itself, the waste is greater than the supply, 
and the death of extreme old age may be justly compared, in the wasting 
oftentimes preceded by the degeneration of the tissues and the gradual 
failure of the temperature, to death by inanition. 

325. Of all the constituents of the body, none are of more complex che- 
mical composition, and undergo more numerous and varied changes, than 
Albumen.* The relations which this substance bears to the living body are 
of the most important and fimdamental character; since, as elsewhere 
shown, it is the original pa Jw/wm at the expense of which all the solid tissues 
are generated, whilst it also affords the material for the production 
of the fibrin, the globulin, and the haematin of the Blood. It ap- 
pears, however, to be itself entirely destitute of formative capacity; 
for in no exudation which is purely serous do we ever trace the 
slightest indication of organization ; and its conversion into the various 
kinds of tissue, therefore, must be entirely due to their own power of 
appropriating and transforming it. The great function of the Albumen 
of the blood, then, is to supply the material for these various transforma- 
tions ; and we accordingly find that whatever other changes the fluid may 
undergo, whether it loses its fibrin or its red corpuscles, or both, albumen 
is still present in abundance. Its ultimate source is to be found in the 
food ; but the serous liquid which percolates the tissues of the body may 
be regarded as a reserve-store, to be drawn-upon in case of need, fur- 
nishing albumen to the blood when it might otherwise be deficient ; and 
thus perhaps it is, that abstinence or repeated losses of blood do not 
produce the degree of depression in the proportion of albumen, which 
might be expected from the very marked reduction they effect in that of 
the corpuscles. When an excess of Albuminous matter is ingested as 
food, the injurious effects which might follow the too great augmentation 
of this constituent of the Blood, appear to be avert^ by the readiness 
with which it undergoes retrograde as well as progressive metamorphosis ; 
for, if not speedily subjected to the latter change, it appears to be affected 
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dooomposing agencies^ and to be eliminated from the eyst^ bj the 
excretory apparatus, under the form of urinary and biliary matter. 

S26. Disintegration of Albumen, — Origin of Urea and Uric Acid , — 
From various considerations it would appear that the albuminous com- 
pounds in their retrograde metamorphoses are capable of breaking-up into 
two groups of substances, of which one contains the whole of the nitrogen, 
whilst the other is composed of carbon, hydrogen, and oxygen alone. 
The former are ultimately eliminated from the body as urea or some 
analogous compotmd ; the latter are discharged in the form of carbonic 
acid and water. Of the former series, we know that whilst Leucin 
(Cj, H ,3 no ), Tyrosine (C„ NOJ, and Glycine (C, NOJ, can be 
artificially formed by the action of alkalies or acids upon albumen, or 
even appear during its spontaneous decomposition ; these same substances 
can also be obtained from various tissues of the body, and are always 
most abundant in those organs in which interstitial changes are most 
active, as in the spleen and liver.* From muscular tissue, again, 
Inosinic Acid (Cj^ Nj, O^ J, Creatine (Cg N^ O^), and the urinary 
constituent Creatinine (Cg Ng O 2), can be directly obtained. The 
relation of Inosinic Acid to Uric Acid and Urea is very intimate; 
whilst as regards Creatine, the recent researches of Sarokowf indicate that 
during active muscular exertion it is converted into Creatinine, or at all 
events that, in muscles exhausted by action, a greatly-increased proportion 
of Creatinine is generated ; and it is well known that both of them are 
readily convertible by chemical agents into Urea.J 

327. The interesting and important question of the origin of Urea has 
been the subject of much recent controversy, and may here be appro- 
priately considered. Two views have been entertained, and the partisans 
of each have numbered some of the most distinguished Chemists and 
Physiologists of the present day. According to one view. Urea is to be 
considered as the result of the disintegration or waste of nitrogenous 
tissues alone ; and since the muscles contain the greatest part of the 
nitrogen existing in the body, and urea contains far the greater propor- 
tion of all the nitrogen excreted, it follows that the quantity of Urea 
eliminated ought to be a tolerably accurate measure of the metamorphosis 
of muscular tissue. In support of this view may be urged the fact, that if an 
animal be starved to death, urea continues to appear even to the last hour, 
the nitrogenous tissues at the same time gradually diminishing in weight. 
But a serving animal, as already shown (§ 58), is an animal feeding 
upon animal diet, for it is living upon itself ; and it is therefore reasonable to 
suppose that all, or nearly all, the albumen of the blood is applied to the 
maintenance and nutrition of tissue, which, after undergoing several inter- 
mediate changes, is ultimately discharged ftom the system in the form of 
Urea. Bischoff and Voit formd that a dog fed on from 28,160 to 27,792 
grains of meat per diem, eliminated more nitrogen, in the form of urea, 
than was contained in its food ; whence they conclude that the food was 
not only wholly applied to the nutrition of the tissues, but that a portion 

* Glycine has not, indeed, been obtained in the separate state, bnt it enters into the 
composition of the glyoocholic acid of the bile. The further decomposition of leucin 
In the laboratory by fermentation and oxidizing agents, yields the volatile fatty acids 
and ammonia well known to occur in glandular organs and in the blood. 

•f* “ Virohowk Archiv,** 1868, p. 644. t Fownes’ “ Chemistry,” 1861, p. 670. 
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of the body itself must have been used for the performauo^ of the work 
constantly going on in the economy, as the movements of the heart, 
respiration, &c. With 27,792 grains of meat, the amount of nitrogen in the 
urea discharged equalled that of the food, and the weight of the anhnal 
remained stationary ; it had thus no occasion to use any of its own tismie. 
Lastly, if the anim^ consumed 30,880 — 38,660 grains in 24 hours, there 
was increase of weight in the body, and subsequent increase in the quantity 
of urea ; simply, according to Bischoff, because there was then an in- 
creased mass of the body from which it might proceed : the animal being 
at the same time capable of greater exertion, whilst the expenditure of 
internal force, such as that required to drive the increased mass of blood, 
&c., was proportionably increased. Again, facts in Pathology seem at 
first sight to support this view ; for it has been shown that the amount of 
urea excreted daily is usually, though not constantly, increased in febrile 
diseases ; and when it is borne in mind that comparatively little food is 
taken under such circumstances and little exertion made, the increase 
must be wholly attributed to the account of the more rapid wasting of 
the tissues. Thus Vogel and Warnecke found that in a case of typhoid 
fever, no less than 1065^ grains of urea were excreted daily, or nearly 
double the usual average, and in a case of pyaemia the extraordinary 
quantity of 1235 J grains. When the fever is over, the quantity of urea 
falls below the normal amoimt, in spite of the augmented quantity of 
nitrogenous food ingested, which is doubtless appropriated to the repair 
of the wasted tissues ; and it then, after perfect recovery, returns to the 
physiological standard. — Strong as these arguments appear to be, a second 
view, which was advanced in this work many years ago, has of late been 
steadily gaining ground ; namely, that the amount of Urea in the Urine 
can only be regarded as a measure of the metamorphosis of tissue when 
no more food is ingested than is required to compensate for that meta- 
morphosis ; any histogenetic matter which escapes assimilation through 
not being required in the system, being normally decomposed (con- 
stituting the so-called ‘Luxus consumption’ of recent German writers), 
and its azotized portion being eliminated through this channel. Many 
facts seem to show that this is a correct expression of the mode of 
origin of urea. Thus we may accoimt for the immediate increase in the 
amount of urea after the employment of nitrogenous food (as shown in 
Dr. Edward Smith’s experiments, see chap, on Urine), and for the results 
obtained by Lehmann, that the quantity excreted daily, when no azotized 
matters were consumed, and when the excretion was simply a measure 
of the metamorphosis of tissue, was not above half that excreted upon an 
ordinary mixed diet, and only 2-7 ths of that which was passed when the 
diet was purely animal. Again, Voit found that after a full meal of meat 
and eggs, the quantity of urea rose till the 7th hour, and was even 
greater at the 16th hour than before the meal. It would certainly here 
seem more probable that some of the albuminous matters were directly 
decomposed in the blood, than that they were applied to the nutriti<m of 
the nitrogenous tissues, causing the cuscharge of so large a quaatify of 
old tissue as urea. Moreover, Messrs. Gilbert and Lawes* hfave shown 
that in fettening pigs, by fiix the larger proportion of mtrogen 
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in die &tfc0ning food passes off in the form of urea. This occurred in 
animals kept in a state of Almost perfect rest ; and hence it is reasonable 
to suppose that that nitrogenous food which, if the animal had been in 
full activity, would have supplied the waste of tissue, was in its inactive 
state, with its muscles in a condition of fatty degeneration, consumed in 
the blood, in either case urea being the terminal product. The experi- 
ments of Hammond’*^ have further clearly shown that, although when he 
consumed purely-albuminous food there was a great increase in the 
amount of urea, there was at the same time a great diminution of his 
physical strength ; which seems incompatible with the idea of that active 
metamorphosis of tissue which must be supposed to take place if we con- 
ceive the albumen to become assimilated and replace old and effete 
material, whilst it is perfectly intelligible if we adopt the view that the 
albumen underwent disintegration in the blood itself. The conclusions 
of Prof. Haughtonf on this point, in reference to the phenomena of 
Diabetes, are of much interest, not only in reference to the production of 
urea, but also to the formation of non-nitrogenous material (sugar) from 
the disintegration of albumen in the blood ; for he has shown it to be 
highly probable that at least half the sugar eliminated is derived from 
the direct decomposition of albuminous substances, before their applica- 
tion to the formation of tissue, or at all events before they are used-up 
in the performance of work. In support of this statement he adduces the 
well-estabHshed fact, that even when all starchy matters are carefully 
excluded from the diet, sugar stiU appears in the urine ; further, that in 
diabetes there is not only an abnormal proportion of sugar in the urine, 
but that the quantity of urea is also greatly increased — a point which has 
been very generally overlooked ; and he remarks, that very simple chemi- 
cal formuhe will explain the formation of Sugar and Urea from Protein. 
Thus — 

1 Eq. Protein + S 0 + 23 HO + 4 COj 

= 8 Oltoosb 0,4 + 2 Urea Cg N, Og. 

Now, since the excreta from the lungs and kidneys give, in the carbonic 
acid and urea they contain, a measure of the amount of metamorphosis 
of tissue, as well as of the disintegration of albumen or surplus consump- 
tion, and since these are unusually great in diabetic patients, though such 
patients are in a condition of extreme torpor both of mind and body, the 
quantity of food which they consume being at the same time extraordi- 
narily large ; it seems a not unreasonable conclusion from these facts, — 
the large consumption of food, the small amount of work done, and 
the appearance in the excreta of the products of the simple disinte- 
gration of the albuminous constituents of the food, — that the food, 
from some feult in the assimilating processes, is converted not into 
tissue, to the construction of which it should properly proceed, but 
into those secondary products, Glycose and Urea, which are imme- 
diately eliminated from the system, partly by the lungs, and partly and 
chiefly by the kidneys. Moreover, there are some substances which, when 
ingested, give rise to increased excretion of urea, and yet do not seem to be 
themselves capable of conversion into tissue, such as Glycin, Alloxantin 


* **Bx|)«rii»ent8 on Digest.,’’ p. 27. t “Dublin Med. Joum.,’* 1861, p. 272. 
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Thein ? Uric Acid, and even Gelatin : in these instances we must saHKwwt 
that the decomposition takes place in the blood itself. As r^ards the 
effects of muscular exertion, which were stated by Lehmann and Simon to 
increase largely the proportion of urea in the lurine, and by the latter 
observer even to double it, it would appear from the ikr more extended 
and accurate observations of Dr. Edward Smith and Voit that this is not 
borne out by experiment, and that in reality even violent and prolonged 
muscular exertion occasions a comparatively trifling increase in the ureai 
though greatly increasing the excretion of carbonic acid. — ^There appear 
to be good grounds for believing that the formation of uric acid preo^es 
that of urea. Stokvis* observed, that on warming the alkaline uratea 
with portions of finely-divided liver, a large proportion of the acid dis-* 
appears and is replaced by urea, whence he suggests that the metamor- 
phosis ordinarily occurs in the liver. Ranke, on nearly the same grounds, 
argues for its formation in the spleen. Again, it has been shown by 
Neubauer,f not only that urea can be artificially formed from uric acid by 
the action of oxidizing agents, but that if uric acid be mingled with the 
food of rabbits, there is a great increase in the amount of urea discharged. 
Its composition 0^) shows a very intimate relationship with 

Xanthine 0^), and with Sarkin O^) ; and it would 

thus appear to be one of the last stages of oxidation of these products of 
retrograde metamorphosis. From hence we may deduce the principle^ 
which is of important practical application, that when high-feeding 
patients are voiding large quantities of the lithates, these may often be at 
once brought down by a reduction in the excess of the azotized por- 
tion of their food. Dr. Marcet found a remarkable diminution in 
the proportion of uric acid in tj^e urine after violent sweating ; which 
is in accordance with the well-known fact that Lithiasis is i^equent 
amongst the natives of tropical climates, though this may also be explmned 
by their more sparing use of animal food. The effects of exercise have 
not been quite accurately determined. Dr. Hammond states that when 
at rest, on mixed diet, he eliminated daily the large proportion of 24*9 
grains of uric acid ; after moderate exercise 13’7 grains were discharged, 
and after violent exercise 8*2 grains — ^the urea at the same time under- 
going a proportionate increase. Genth and Heller, whilst agreeing with 
Dr. Hammond in the diminution effected by moderate exercise, state 
that the quantity of uric acid again rose when the exercise was very 
violent ; and Lehmann and Speck| found a slight increase after pro-, 
tracted exertion. This latter increase may perhaps be attributed to an 
insufliciency in the amount of oxygen absorbed to completely oxidize all 
the products of disintegration when suddenly and greatly increased. 
— Upon the whole, it appears the circumstances which most favour the 
genesis of Uric acid in the system, and the increase of its proportion in 
file urine if there be no obstacle to its elimination, are a highly-azotized 
diet and inactive habits of life ; whilst the reduction of the former to what 
is really requisite for the due nutrition of the body, and the promotion 
of the respiration by moderate exercise, tend to reduce tke proportion 
this compound; so that under these circumstances we may almost regard 

* ** Donders' Archiv,’* 1860, p. 200. f Liebig’s Anaalun,'* vol. x<dx. p. 206* 

t Med..Cbir. Rev.,” 1862, vol. i. p. 2U: 



m 


OF TOTBITION* 


it, in the language of Prof. Haughton,* as ** a minute fraction of nitrogen 
which has escaped complete oxidation.^’f 

‘ 828. Thus, besides the nitrogenous compounds into which the albumi- 
nous substances split, a series of non-nitrogenous materials probably also 
result from their disintegration, and these may either be of an oleaginous 
or of a saccharine nature. The formation of the volatile acids of fats, and of 
benzoin and oxalic acids, can theoretically be easily deduced from the com- 
position of albumen ; J and we appear to have some evidence of the genera- 
tion of fat from albumen in the observations of Burdach§ upon the eggs of 
the Limneeus, for he found the former to increase apparently at the expense 
of the latter in the progress of incubation. Thus in 1000 parts of the 
dried ova of that animal there were — 

* In the early stage. In the late stage. 


Fat 6-85 .... 21-81 

Salta 40-60 .... 60-00 

Albumen 962-65 .... 918-19 


It must also be remembered that the formation of an amyloid substance, 
Glycogene, is the natural function of the liver; and there is every 
reason for believing that this formation proceeds in great measure from 
the decomposition of albuminous substances, especially since it is accom- 
panied by the simultaneous appearance of highly nitrogenous substances, 
such as Glycocholic and Taurocholic acids, which have been shown by 
Liebig 1) to be readily derivable from albumen, on the assumption of the 
breaking-up of albumen into gelatin (gluten) and one equivalent of Tauro- 
cholic acid, the latter containing an important element of albumen, namely. 
Sulphur. In conclusion, then, we may say that with regard to the albumi- 
nous, and as the experiments of Bischoff and Voit appear to prove, the gela- 
tinous constituents of our food also, that it is probable that part go directly 
to the formation of tissue, and part, termed the ‘ Luxus consumption* by 
the Germans, are decomposed in the blood without forming tissue. In 
both instances a kind of decomposition or disintegration takes place under 
the influence of oxygen ; by which, on the one hand, such compounds as 
Glycin, Leucin, Creatine, Creatinine, Guanin, Sarkin, Xanthin, Uric 
Acid, Urea, &c., are formed, which are, for the most part, discharged by 
the Urine and Fasces; and on the other, certain fatty or saccharine 
substances are generated, by the further combustion of which the animal 
heat is maintained, their ultimate products, consisting of Carbonic Acid 
and Water, being eliminated chiefly by the skin and lungs. 

329. As regards the Fatty constituents of the body, a large proportion 
is undoubtedly derived from the food. Previously to absorption the mem- 
bers of the oleaginous group are minutely divided, reduced to the fluid 

* “ Dublin Quart. Joum.,” 1859, vol. ii. p. 11, 

+ The formation of adipocere, which was formerly much relied upon as proving the 
oonversion of albumen into fat, appears to be owing to the combination of the fatty 
adds originally present in the tisane, with ammonia, lime, and potash. And again, 
the supposed oonversion of pieces of muscle, coagulated albumen, &c. , into fat, when 
introdut^ into the peritoneal cavity of animals, appears to have been disproved by 
Burdaoh, who has shown that it is simply a deposit or infiltration into the tissue, or 
albuminous substance introduced, and may even take place in pieces of porous wood. 
See Burdaoh, ** Virchow’s Archiv,*’ 1854, band vi. p. 108 ; and Milne-Kdwards, 

Demons,” t. vii. p, 

X if W. Burdadi, “l>e Ocmmut. subst. prot. in Adipem,” Dissert., 1858. 

§ <*PamiUiw Letteiu on (Brnmist^ 
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sMe, emuMfiod, and, in part at leant, decomposed bjr iifite panem^o juice 
into the fetty acids and glycerine ; whilst that portion whihh has been 
absorbed wi^out decomposition appears, aooordhog to the researdbes a£ 
V, Gorup-Besanez, to be converted, under Ihe influence of the active oagrgen 
of the blood (ozone ?) and the carbonated alkalies in the first instance, 
into the fe,tty acids and glycerine — ^the glycerine undergoing farther 
metamorphosis into formic, propionic, and other acids. The quantity of 
fat contained in different parts of the body varies considerably, but it i» 
almost universally present. The blood usually contains about 0*4 per 
cent, the muscles 3*3, milk 4*3, brain 8, the nerves 22, and adipose 
tissue 83 per cent. — The Fatty matters of the Blood are obviously destined 
to furnish the contents of the Adipose and Nervous vesicles ; wnilst their 
presence seems also to be required in the early stages of the production of 
Cells generally. One of the principal somces of Qieir expenditure, how- 
ever, is that combustive process by which the heat of the body is main- 
tained ; and the amount deposited in the tissues as fat, may be looked-upon 
as the surplus of the quantity ingested, that is not thus consumed. The 
quantity of fatty matter in the blood is liable to sudden augmentation, 
from the introduction of a large quantity furnished at once by the ali- 
mentary material ; and this excess will continue until the surplus has 
been eliminated, either by the combustive, the nutritive, or the excretory 
operations. These last do not ordinarily remove the saponifiable fiits 
from the body ; for although the mammary secretion in the female draws 
off fi:om her blood a large quantity of fatty matter, this is destined, not 
for its purification, but for the nutrition of her offspring ; and cholesterin 
appears to be the only fatty substance which is normally excreted for the 
purpose of being removed from the body. — The question of the capability 
of animals to produce fat has been much disputed. There seems, however, 
to be no reason for doubting that it may be generated not only from the 
hydrocarbonaceous constituents of the food (sugar and starch), but also 
from the splitting-up of tlie albuminous compounds. The observation of 
Huber, that if Bees be fed upon pure sugar they will still continue to 
furnish wax for the comb, repeated and confirmed as it has been by 
Milne-Edwards* and Boussingault, and the rapid fattening of negroes 
which occurs at the period of cutting the sugar-canes, together with the 
experiments of Boussingault and those of Messrs. Lawes and Gilbert, 
who foundf that in fattening pigs, for every 100 parts of fat in the food 
the animals stored up from 400 to 450 parts of fat in their bodies, seem 
to furnish conclusive evidence on this point. Again, the observation of 
Boussingault, that for animals to fatten on starchy substances a certain 
proportion of albumen must be present, the production of fatty acids 
during the disintegration of albumen, leucin, and other analogous sub- 
stances, and the phenomena of fatty degeneration, all seem to point to the 
derivation of fat from this source also. Indeed, Messrs. Lawes and Gilbert 
expressly state, that whilst 2 J parts of starch must be consumed in the 
food to produce one part of flit, the proportion of sugar required is some- 
what larger, and that of any albuminous compound somewhat smaller, to 
produce the same effect. The ultimate disposal of the saccharine con- 
stituents of the body, which appear to be partly derived from without, 

* Mllne-Sd wards, “ Lemons sur la Physiologie,^’ t. Si p. 558* 

t Phil. Trane.,’* 1869, p. 648. 
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Bod to bo pcurtly tbe result of the decompositioiL of the albuminous Oon-* 
Bfcituentsof the blood, as will be hereafter more fully considered (Glyoogeny), 
is still unknown ; though there seems to be every probability in &vour of 
their being first converted into Lactic, and JSnally into Carbonic acid and 
Waters 

830. The uses of the various Inorganic compounds, which, as being 
uniformly present in the Blood, must be considered among its integral 
constituents, are not as yet by any means positively known; yet great 
advances have been recently made towards this knowledge ; and it may 
be pretty certainly affirmed, that the presence of some of them has 
reference to the peculiar functions and conditions of the blood itself, 
whilst others are chiefly destined for appropriation by the tissues to whose 
growth it ministers. The former seems to be especially the case with the 
Alkaline salts; of which the phosphate and carbonate of soda would 
seem to have it for their chief purpose to maintain the alkalinity of the 
blood, on which depend not merely the liquidity of its albumen, but the 
fecility of its passage through the capillaries, and the readiness with 
which its combustive materials are oxidized ; whilst they also increase 
the absorptive power of the serum for gases. So the presence of chloride 
of sodium is needed for the conservation of the organic components of 
the blood in their normal condition, and it also seems to be essential to 
the performance of many of the metamorphic and histogenetic operations 
to which these substances are subjected in the economy ; this salt, more- 
over, is itself required as a component, not only of the solid tissues 
generally, but also of all the secreted fluids. The salts of potash appear 
to be specially required for the nutrition of the musclar tissue ; but 
they probably exert the same general influence with those of soda. The 
presence of the Earthy salts, on the other hand, would seem to have 
reference almost exclusively to the composition of the tissues, into which 
some of them enter very largely. The phosphate of lime in particular 
must be regarded almost in the light of a histogenetic substance, so con- 
stantly does it seem to be present in newly-forming tissues ; whilst it is 
also in great demand as the principal consolidating material of bone and 
tooth. Whether the carbonate of lime, the phosphate of magnesia, the 
fluoride of calcium, and the silica of the blood, are of any other use in it 
than to supply consolidating materials for the tissues, there is at present 
no evidence whatever. Iron, like the alkaline salts, is an essential con- 
stituent of the blood itself, forming a very large percentage of the 
hsematin of its red corpuscles ; and it is supplied by the blood to various 
tissues, especially the muscles and the hair, of which also it may be con- 
sidered an essential component. — The normal proportions of aU these 
substances appear to be chiefly maintained by means of the excretory 
apparatus, which filters-ofl!^ (so to speak) any surplus ; it being through 
the Urinary organs that they are chiefly eliminated. And it is by them, 
too, that the normal proportion of Water in the blood is chiefly main- 
tained : the Malpighian apparatus of the kidneys apparently acting as a 
kind of safety-valve, through which any surplus that remains after the 
cutaneous, pulmonary, and intestinal exhalants have performed their 
appropriate duties, is allowed to make its escape. 

881. Of the mode in which the substitution of new tissue for that which 
has become effete, is effected in the process of Nutrition, our knowledge is 
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at present limited; but there can be little doubt that it nearly always 
takes place in a manner closely conformable to the first development of 
each tissue* In some instances there is an obvious replacement of the old 
and dead by the young and active elements: this is the case, for example^ 
in the constantly-repeated production of the Epidermic and Bpith^al 
layers; for whether ^ey are developed from germs imbedded in the sub* 
jaoent basement-membrane, or from nuclei formed de novo in the blastema 
on its free surface, or by the duplicative subdivision of pre-existing cells, 
there is a continu^ succession of new cells, which take the place of those 
that are cast-off as defunct and useless. So in the growth of Hair, the 
increase of which takes-place only at its base, we can trace at any period 
the same development of newly-formed spheroidal cells into horny fusi- 
form fibres, as ^at wliich occurred when first the hair began to sprout 
from the aggregation of epidermic cells at the bottom of its follicle. So, 
again, in llie vesicular tissue which constitutes the essential part of tho 
Nervous centres, there are appearances which indicate that its peculiar 
cells are in a state of continual development, newly-formed ganglionic 
vesicles taking the place of those which have undergone disintegration* 
But there are other textures, whose nutrition is more completely intersti’^ 
tial ; their elements being more closely coherent, and their newly-formed 
portions being developed throughout the substance of the old, instead of 
(as in tho case of the epidermis and its appendages) snperjicially or in 
mere continuity with it. Such is the case, for example, with Muscle, the 
mode of whose nutrition has not yet been elucidated. We can only infer 
from analogy, that here too each fibre or fibril will pass, in the course of 
its development, through the same stages which those of the embryo did 
when its muscles were first formed. And this analogy seems to derive 
support, from the presence, in all well-nourished muscles, of bodies which 
bear the appearance of nuclei; for these, as Mr. Paget remarks, “are not 
the loitering impotent remains of embryonic tissue, but germs or organs 
of power for new formation.” And it is further confirmatory of this view, 
that losses of substance of muscle which involve the destruction of these 
centres of nutrition, are not replaced, like losses of cuticle, by new 
tissue of the same kind ; the power to form it not being inherent in the 
blood or in the neighbouring parts. Nevertheless it must be admitted 
that no intermediate stages of development can be traced in the fibres, 
even of those muscles of the adult which are in most constant use, and of 
which the nutrition is the most active, that are at all comparable to those 
which are met- with in the muscular tissues of the embryo. — With regard, 
again, to the interstitial nutrition of Bones and Teeth, we have no certain 
knowledge. That some movement of nutritive fluid is Continually taking 
place through them, is made apparent by the effects of madder in gradu- 
ally tinging even the bones and teeth of ^e adult, though for such a change 
a much longer period is required m the adult than in the young anixn^; 
how frr this movement, however, is subservient to any continual change 
of substance, stUl remains doubtftil. If the supply of blood be withdrawn 
from a tooth or from a bone, or even from a part of the latter, the atmo- 
tures thus cut off from connection with the act of nutrition soon die, becotno 
detached firom the living parts around, and are thrown out of the body. Of 
this we have a very go^ example in the annual exuviation of the antlers 
of the Deer, which is brought about by the choking up of the Haversian 
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ffre passage to bloods vessels, with ccHufentric osseoas deposit 
Sotnediing of Ibis seems to be continually taking place in ordinary 
Bone, upon a more Imited scale; individual Haversian systems being 
removed by absorption, and being replaced by new formations of the same 
kind, probably during its whole life, without any change in external con- 
figuration. — Of the modes in which the effete particles of tissues whose 
term of life has expired, or whose vital energy has been exhausted, are 
removed, our present knowledge is no less imperfect. In the case of those 
tissues which are superficially nourished, a continual loss of substance is 
obviously taking place, by the exuviation of dead particles en masse; this 
is the case with the whole series of Epithelial and Epidermic cells, which 
are thrown-off with little previous change, like the leaves of trees, their 
decay not taking place, for the most part, until after they have become 
detached from the organism. But the fact is altogether different with 
regard to those whose nutrition is interstitial,, especially the Nervous and 
Muscular tissues ; for the decomposition of these would seem to occur in 
their very substance, its products being taken up by the blood, and sub- 
sequently eliminated from it by organs appropriated to that purpose, as is 
indicated by Chemical evidence. 

332. A remarkable indication has been recently afforded, by the mi- 
croscopic examination of Bone, that the older portions of its substance are 
removed from time to time, and that space is thus provided for the deposit 
of newly-formed tissue in its stead. For transverse sections of long bones 
usually exhibit, in some part of their area, irregularly-shaped spaces, 
having an emarginated, festooned, and often jagged outline (Figs. 71, 72), 


Fig. 71. 


Pig. 72. 



Transverse section of oompact Bon«t showing 
an Ravwnm space, a, with its ctu^teristio 
tanarginated outline. 



The same, from a less compact part 
of the bone. 


similar to that found on the surface of bone which has been removed by 
exfoliation, or to that of the fang of a tooth which has been partly ab- 
aorbed. There is every indication, from a comparison of the various 
conditions presented by these ^Haversian spaces,’ both ss to form, size, 
and situation, that they are left by the partial or complete removal of 
‘Baversian lystems,’ which previously occupied the same situations* 
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They are exceedingly numerous and large in newly-ft«ined bone eitustod 
near osfflfying cartili^, so as frequently to aSbrd |rooni for tbe devdop* 
ment of two or more ‘ Haversian i^stems’ in their interior; while in older 

Fio. 78. 



Transverse section of oompaot Bone, showing the ordinary appearanoes Havonian 
system ; b, b, interstitial laminfe; e, new Haversian system within an older one. 

bone they are far less numerous, and generally less in size, so that by the 
excavation of one of these spaces within an old ‘ Haversian i^stem,* a new 
one may be formed of much smaller dimensions (Fig. 73, c). The per- 
sistence of portions of those older ‘ Haversian systems* which have imder- 
gone partial absorption, appears to account for the presence of the * inter-» 
stitial lamin®’ (6, b), which fill-up the spaces between the existing 
* Haversian systems,’ and of which, as they have not any obvious centres 
of nutritive supply, no other satisfactory explanation can be given. Such 
appearances, indicative of alternate acts of absorption and reproduction, 
are seen in the bones of old as well as of young or middle-aged subjects ; 
but their jfrequency diminishes with the increasing age of the individual.* 
— So far as can be gathered fi-om the foregoing Sets, and from others of 
the same order, the process of interstitial decline and death usually takes 
place too rapidly for its stages to be perceptible, and ia immediately fol^ 
lowed, in the normal condition of the system, by the redfoval of the effete 
particles; so that it is only when this removal is from any cause obstructed^ 
as happens in the cases to be presently cited, that we see any indicatioa of 
the stages through which the disintegrating tissues paas.f 

333. There is one remarkable form of d^eneration, however, whidh is 

* See the Memoir by Messrs. Tomes and De Morgan * On the S^otore sod Develop* 
ment of Bone/ in ** Philos. Transact./* 1853, p. HI. 

t Folly recognizing the importance of Dr. Lyons* ingenious bqoiries on 
(see ** Proceed, of Eoyal Irish Acad./* voL v. part iii., and Brit* and For. Med.-Uhir* 
Bey./* toL xih p. 454, 532), the Author cannot regard the changes which tsSce plaee 
in tissnes decomposuig oot of the body, as thxowi^ modi opon the pitirwiiei of 
degeneration that take place during the latter peri^ of thdr Ule* 
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dommon to all the tissues, and which seems to occur as a normal 
alteration in many of them at an advanced period of life ; this consists in 
the conversion of their albuminous or gelatinous materials into fat, thus 
constituting what is known as fatt^ degeneration. That this change is not 
due to the removal of the normal components of the tissues, and the sub- 
stitution of newly-deposited fatty matter in their place, but is (in most 
cases at least) the result of a real conversion of the one class of substances 
into the other, may now be considered as well ascertained.* And there 
are certain facts which indicate that this kind of degeneration is a part of 
the regular series of processes, by which tissues that have served their 
purpose in the economy are prepared for being removed by absorption ; 
one of the most remarkable being the observations of Virchowf and 
KilianJ with regard to the fatty degeneration of the muscular tissue of 
the uterus after parturition. So, as Mr. Paget has pointed-out, the fibri- 
nous and corpuscular products of inflammation are often brought into a 
state fit for absorption, by passing through this intermediate stage ; the 
fibrinous substance being observed to be dotted by granules which are 
recognized as oil-particles by their peculiar shining black-edged appear- 
ance, and at the same time losing its toughness and elasticity, and being 
no longer rendered transparent by acetic acid ; whilst the lymph-cells 
present a similar increase of shining black-edged particles like minute oil- 
drops, which accumulate until they nearly fill the cell- cavity, their nuclei 
at the same time gradually fading and disappearing. § Thus, then, if the 
fat, which is one of the products of this retrograde metamorphosis, be ab- 
sorbed as fast as it is formed, and the effete tissue be replaced by a new 
production (as seems to be the case with Muscles in a state of healthy 
activity), there is no appearance of degeneration, and the nutrition is kept 
up to its normal standard. So if, from the advance of age, or from the 
insufficient exercise of the muscles, their nutrition take place less rapidly 
than their waste, whilst the products of their degeneration are still removed, 
simple atrophy is the result. If, on the other hand, the general conditions 
being similar, the fat produced in degeneration be not absorbed, but remain 
in the tissue, an obvious ‘ fatty degeneration’ is the result. This seems 
most likely to happen either (1) when the fat is thus produced in such exces- 
sive amoimt, that the ordinary rate of its absorption (corresponding with 
that of its elimination by the combustive process) does not provide for its 
removal ; which will occur when a large amount of tissue is undergoing 
degeneration at once, as in the case of the uterus after parturition ; — 
or (2) when the blood, being already highly charged with respira- 
tory material, is indisposed to receive an additional amount of fat; 
and it is j)robably in part firom this cause, that the habitual presence 
of Alcohol in the blood strongly predisposes to fatty degeneration, 
as is proved by the very large proportion of intemperate individuals 
among the subjects of the more aggravated forms of this disorder. For 
the special aptitude for the combustive process which is charac- 

* For an excellent account of the whole subject of Patty Degeneration, see Dr. Hand- 
held Jones's Artides in the “ Brit, and For, Med.-Chir. Bev.,** vol. xi. p. 827, and vol. 
xii. p. 80. 

f ** Verhandlungen der Gesellsohaft fiir Geburtshiilfe,” Berlin, voL iiL p. 17. 

$ Henle and Pfeuffer’s “ Zeitsohrifb,*' vol. ix. p. 1. 

g See Mr. Paget’s ** Lecture on Surreal Pathology,” vol. i. p. 874. 
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temdc of Alcohol, may give it sach a prefer^o^ in this operation error 
ordinary combustive material, that the converaion of the latter by oxida- 
tion into carbonic acid and water is kept-back, so long as Alcoh<d is pre- 
sent ; and thus the blood of drunkards becomes so highly charged with 
fat, that it might be itself considered to be in a state of &tty degeneration*^ 
This distinct evidence of the operation of Alcohol habitually received 
into the blood in large quantities, affords an obvious indication that the 
habitual consumption ol‘ even a much smaller amount will tend to pro- 
duce fatty degeneration at more remote periods and in a less aggravated 
degree; and the participation which this state has been diown to have in 
the production of a large proportion of the diseases of Old Age, — especi- 
ally by the changes it induces in the texture of the heart and of the walls 
of the blood-vessels (which are particularly liable to it), — ^fuUy bears out 
this idea. 

334. It may be stated as a general rule, that no absorption of the 
materials of tissues can take place, without a previous degeneration such 
as this, or a more complete decomposition. There is no evidence that 
any healthy tissue is ever thus absorbed, or that any preternatural 
activity of the absorbent vessels can ever (as formerly supposed) be the 
occasion of a loss of substance; in fact, so long as the vital force is in active 
operation in a part, and its processes of growth and development are 
being normally carried-on, such absorption may be considered to be im- 
possible. On the other hand, if a part die en massCy it is not removed by 
absorption, but becomes isolated by the separation and recedence of the 
living parts, and is then cast-out altogether, even from the interior of 
the body, as we see in the case of a necrosed bone ; its condition being 
then essentially the same as that of the outer layers of the tegumentary 
organs, which are cut-off, by their distance from a vascular surface, from 
all further nutrient change. The difference between these two modes of 
removal is well seen (as Mr. Paget has remarked) in the case of the 
Teeth ; for the fangs of the deciduous teeth undergo degeneration, when 
the current of nutrition is diverted towards those which are to succeed 
them, their materials being slowly decomposed, so as to become soluble, 
and being gradually removed by absorption, so that nothing is left at 
last but the crowns of the teeth ; on the other hand, the permanent teeth, 
which are not to be succeeded by others, when no longer receiving their 
due nutrition, die, and are cast-out entire. 

335. Among the conditions of healthy Nutrition, a due supply of 
Nervous power is commonly enumerated ; and it cannot be questioned 
that the want of such a supply is* frequently the source of a perversion 
of the normal operations. This, however, by no means proves that the 
formative power is derived from the nervous system ; and such an idea 
is at once negatived by a number of incontestible facts. Yet it may be 
freely admitted that the right direction and application of this power in 
Nutrition, may sometimes depend upon guid^ce and direction afforded 

* The qiuuitity of fat in the blood of drunkards has been found in some oases to be ae 
innoh as 117 parts in 1000 (Lecann), the highest estimate of the quantity in bei^ 
being 8*65 parts. Scharlan has fonnd ae mnch as 80 per cent more ctaim in the 
blood of a drunkard, than in that of a healthy man. — See Dr. Hnss’s treatise m 

" AloohoUsmns Chronicus,** Rokitansky’s ** Handbuch der aUgmn^&en patlKdogisclien 
Anatomie/’ band iv.^ and <*Brit. and For. Med.<^Chi]r. Rev.,’* voL nii SA. 
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HarifouB oentres, in the same maimer as the Secreting process is 
capable of being thus ^ected ; in ^t, we can scarcely explain in any 
other mode that induence of mental states upon the nutrient operations, 
which frequently leads to very important modifications of them. — The 
whole of this subject, however, will be more appropriately considered 
hereafter (chap, xv).* 

3. Varying Activity of the Nutritive Processes, — Reparative Operations. 

336. Without any change in the character of the Nutritive processes, 
there may be considerable variations in their degree of activity; and this, 
as regards either the entire organism, or individual parts, though most 
commonly the latter. These variations may be so considerable as to con- 
stitute Disease ; though there are some which take place, as part of the 
regular series of Physiological phenomena. Thus, as we have seen, it is 
to the excess of formative activity, that the increase of the organism 
in the earlier period of life is due, its ‘ waste’ being at the same time 
extremely rapid; whilst it is to a corresponding reduction in the regene- 
rative power, and not to positive excess of ‘waste’ or decay (this, indeed, 
taking place very slowly), that the gradual decline of the organism in 
advancing years is to be attributed. So also we find that local as well as 
general variations may take place, as a part of the regular series of vital 
phenomena ; and this during the period of adult life, as well as in the 
earlier and later epochs. Thus all those dififerences in the proportional 
development of the several parts of the organism, which mark the dis- 
tinction between the adult and the child, even where (as in the case of a 
dwarf) there is no difference in stature, result from a decline in the 
formative capacity of those which are peculiarly adapted to the wants of 
the earlier stage (the Thymus gland, for example), and from an increased 
activity of nutrition in those which are destined to the use of the adult, 
the Generative organs more pai*ticularly. And the intermittent activity 
of the sexual apparatus of the female affords a remarkable example of the 
same principle ; this being marked, not merely in the enormous develop- 
jnent of the uterus and mammary glands as a consequence of conception, 
but in the periodical change which takes place in the ovaries, whereby the 
ova are matured and thrown-off at certain regular intervals. The decline 
in the formative power of these same organs, moreover, when as yet the 
organism in general shows but little indication of deterioration, is another 
characteristic example of the variation in Nutritive activity resulting 
from the inherent endowments of the part, and essentially irrespective of 
the condition of the blood, of the circulation, and of the organism as a 
whole ; although, as formerly shown (§ 200), the production and main- 
tenance of other and apparently unconnected organs are complementally 
dependent upon the formative activity of the Generative apparatus. 

337. The abnormal excess of Nutritive change which properly consti- 
tutes Hypertrophy^ appears to depend upon a departure from one or other 
of the conditions, under which, as already specified, the change normally 

* In the treatment of this subject, the Author has made use of many valuable illus- 
trations contained in the first three of Mr. Paget’s “ Lectures on Surgical Pathology 
the general doctrines, however, being such as he had himself expressed on many 
previomi occamom. 
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tak^ place 5 namely, the right compoation of the blood, a due aupply of 
such blood, and a proper formative capacity in the part itself. — Of the 
excess of nutrition resulting from the presence of an excess of thepeouliar 
materials of certain tissues in the circulating fluid, examples have already 
been given (§ 312) ; it is important to remark, however, that althougn 
hypertrophy may be thus induced in any of the tissues which constitute 
the instruments of organic life, yet there is no evidence that either the 
Nervous or the Muscular apparatus can be forced (so to speak) to an 
augmentation in bulk, by the mere abundance of their nutritive materials. 
— With regard, in the next place, to the supply of blood, there can be no 
doubt that in general an increased flow of blood towards a part is conse- 
quent-upon, rather than a cause-of, an excess in its nutritive activity; but 
still there are cases in which its causative agency may be traced. Various 
examples of this have been supplied by the experiments and observations 
of John Hunter, the records of which are left in his Museum. Thus 
if the spur of a cock be transplanted from the leg to the comb, which 
is a part far more vascular than that with which it was originally con- 
nected, it undergoes an extraordinary augmentation in size ; having in 
one instance grown in a spiral form, until it was six inches long ; and in 
another, curved forwards and downwards like a horn, so that its end 
needed to be often cut, to enable the bird to bring its beak to the ground 
in feeding. So, again, it was remarked by Hunter, and has been fre- 
quently observed since, that an increased growth of hair often takes place 
on surfaces to which there is an increased determination of blood as a 
consequence of inflammation in some neighbouring part, though not from 
the surface of the inflamed part itself. So it sometimes happens, that 
when an ulcer of the integuments of the leg has long existed in a yoimg 
person, the subjacent bone may share in the increased afiiux of blood, and 
may enlarge and elongate. And it seems not improbable that we are to 
attribute the increased thickness of the cuticle, on parts which are exposed 
to continual pressure or friction, to the augmented afflux of blood which 
is determined to the irritated surface.* 

338. The greater number of cases of Hypertrophy, however, must 
undoubtedly be referred to the preternatural formative capacity of the 
part itself ; and this may either be congenital or acquired. Of this con- 
genital excess, we have a remarkable example in the abnormal growth of 
an entire limb, or of fingers or toes,f which cannot with any probability 
be referred to an origind excess in the supply of blood, the enlargement 
of the arteries leading towards such parts being almost certainly conse^ 
quent upon their imusually rapid growth, just as in the case of the uterine 
and mammary arteries of the pregnant female. The most remarkable 
instances of the acquirement of increased formative activity, are presented 
to us in that augmented growth of the nervous and muscular tissues, 
which is consequent upon the exercise of their functional powers. This 
may be considered as to a certain extent a normal adjustment of the 

* It is commonly said that local Hypertrophy may be indnced by long-oontinaed Con- 
gestion ; bat this is not tme hypertrophy ; for the balk of the organ is not augmented 
by the increased production of its normal tissue, but by the addition of tissne of an 
inferior type of organization, as in Inflammation. 

t A case of hypertrophy of an entire limb was described by l)r« John Beid In the 
^^Kdinb. Monthly Joum.,” 1848, p. 198; and severe cases of hypertrot^ of the 
fingers were described by Mr. Curling in flie Med.-Ohir. Traas*,’^ vcl. 
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«appty to the demand; but there are some instances in which it takea 
pl^ to such an extent, as to become a positive disease. Thus it not un- 
frequently happens, that if young persons who naturally show precocity 
of intellect, are encouraged rather tiian checked in the use of tbe brain^ 
the increased nutrition of the organ (which grows fester than its bony 
case) occasions pressure -upon its vessels, it becomes indurated and 
inactive, and fatuity and coma may supervene. Now although in such 
cases there may probably have been some congenital tendency to preter- 
natural activity of the brain, which manifested itself in the precocity of 
intellect, yet there is no doubt that this may be augmented by the ‘-forcing 
system’ of education ; whilst, on the other hand, it may be controlled by 
a system of management adapted to the peculiar circumstances of the 
case. Excess of muscular development is peculiarly prone to show itself 
in the involtmtary muscles; but this production is in almost every 
instance the result of the demand for increased muscular exertion which 
is consequent upon some obstruction to the usual function of the part. 
Thus an extraordinary hypertrophy of the muscular coat of the urinary 
bladder is often seen as a consequence of obstruction to the exit of the 
urine, through the presence of a stone in the bladder or of a stricture in 
the urethra ; so, again, hypertrophy of the muscular coat of the gall- 
bladder may take-place as a consequence of obstruction of its duct by a 
gall-stone ; hypertrophy of the muscular coat of any part of the alimentary 
canal may be induced by the existence of stricture lower down ; and 
even hypertrophy of the heart is generally, if not always, attributable to 
obstruction to the exit of the blood which it propels, resulting either from 
stagnation of the pulmonary circulation by the deficient aeration consequent 
upon disease of the lungs (in which case the hypertrophy is limited to the 
right side of the heart), or from thickening or induration of the semilunar 
vdves, or from narrowing of the orifices of the aorta and pulmonary artery. 
It is curious, moreover, to observe that hypertrophy of muscles frequently 
becomes a source of increased nutrition of the bones to which they are 
attached : this being manifested, not merely in the augmented bulk of 
the bones of limbs that are specially exercised, but also in the increased 
prominence of the ridges and processes to which the muscles are attached. 
This adaptiveness on the part of the formative activity of the osseous 
tissue, is curiously manifested also in the relation of the skull to the 
brain ; for if the bulk of the brain be not too rapidly augmented, the 
skull will enlarge accordingly, and this (in some instances) not merely by 
the extension of its normal bones, but by the intercalation of new osseous 
elements, the ‘ ossa wormiana whilst, on the other hand, if there be a 
diminution in the bulk of the brain, the cranium may adapt itself to this 
also, by a thickening on its internal surface (or concentric hypertrophy), 
— ^this change, rather than a diminution in the entire substance of the 
skull, being more liable to take place in cases in which the cranial sutures 
have already closed, and the nutrition of the bone has become inactive, 
839. The production of Tumours must be considered as a manifestation 
of an excess of formative activity in individual parts, and as constituting, 
therefore, a species of Hypertrophy. For a tumour may be composed of 
the tissues which are normal to the part ; as we see especially in the 
case of those tumours of the uterus, which are made-up of an excess of its 
ordinary muscular and fibrous elements. But, as Mr. Paget has justly 
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remarked, << an essential difference lies in this ; — ^the tttdrtis (oAett itsdf 
hypertrophied) in its growth around the tumour maintains a nmnnal 
type, though excited to its growth, if we may so speak, by an abnormal 
stimulus ; it exactly imitates, in vascularity and muscular development, 
the pregnant uterus, and may even acquire the like power; and at lengthy 
by contractions like those of parturition, may expel the tumour sponta- 
neously separated. But the tumour imitates in its growth no natural 
shape or construction; the longer it continues, the greater is its deformity* 
Neither may we overlook the contrast in respect of purpose, or adaptation 
to the general welfare of the body, which is as manifest in the increase 
of the uterus as it is improbable in that of the tumour.”* A gradation 
is established, however, between true Hypertrophies and Tumours, by 
those productions of glandular tissue, which are made-up of the proper 
substance of the gland with which they are connected, as the mammary, 
the prostate, or the thyroid, and which (though frequently encysted) are 
sometimes met- with as outlying portions of the gland itself. — There is 
another class of objects, to which Tumours come into close relation, and 
which must be referred, like them, to a local excess of formative activity; 
these are the ^supernumerary parts’ which are not unfrequently deve- 
loped during foetal life, as for example, additional fingers and toes. It 
seems absurd to refer these, formed as they are by simple outgrowth from 
the limbs to which they are attached, to the ‘fusion of germs’ which has 
been hypothetically invoked to explain more important excesses, as those 
of additional limbs, double bodies, or double heads ; and yet from the 
lower to the higher form of excess, the transition is so gradual, that what 
is true of the former can scarcely but be true of the latter. Hence even 
complete ‘ double monsters’ must be regarded, not as having proceeded 
from two separate germs which have become partially united in the course 
of their development, but from a single germ, which, being possessed of an 
unusual formative capacity, has evolved itself into a structure containing 
more than the usual number of parts, and comparable to that which may 
be artificially produced by partial fission of the bodies of many of the 
lower animals, f 

340. We can scarcely fail to recognize, throughout this whole series 
of abnormal productions, the operation of a similar power. In the for- 
mation of a supernumerary part, this has been sufficient, not merely to 
produce the tissues, and to deyelope them according to a regular mor- 
phological type, but to impart to the fabric thus generated a separate 
and even an independent existence ; thus evolving an additional finger 
or thumb on each hand, a double pair of arms or legs, a double head or 
trunk, or even a complete double body. In the hypertrophy of a regular 
or normal part, the new tissues are still developed according to a regular 
morphological type; but they have not the power of individuafizing 
themselves (so to speak), and are so incorporated with the normal ele- 
ments as to augment the size of the existing organ. In the formatioa 

* See his ‘^Lectores on Surgical Pathology/* vol. ii. p. 2 ; also Dr. Handfield Johm 
in and For. Med.-Chir. Rev.,” vol.xiii. p. 830 ; and Dr. Bristowe in of 

PathoL Soc.,*’ voL iv. p. 218. 

t See ‘Spline, of Comp. Phys.,” § 475 ; Prof, Yrplik in ‘‘Cydop. pf and 
Phys.,’* art ‘ Teratology,* vol. iv. p. 976 ; and Prof. Allen Thomson on ‘ |)oiihlo 
Monstrosity,* In **Bdinb. Monthly Jonmal,** June and July, 1844* 
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tumour, on ihe othor hmd,jjSiilBt its component tissues are them- 
selves perfectly ibrmed, and have a marked power of independent grow^, 
the maas composed of them is altogether amorphous, its configuration 
being usually determined rather by Sie physical conditions imder which 
it is produced, than by any peculiar tendencies of its own ; so that we 
recognize the action of the formative power, undirected by that mo^ho- 
logical ntsus, which normally models (so to speak) the growing tissues 
into the likeness of the organ to which they belong. But further, in 
many of the large class of tumours distinguished as ‘malignant,’ the 
development of tissue has not gone to the extent of producing any 
of those species of which the body is normally constituted ; and in this 
respect, as well as in their tendency to rapid degeneration, the vital 
endowments of their elements must be reckoned as below those of the 
normal tissues. — It is not always easy to draw the line between certain 
tumours and supernumerary parts, especially when the production of the 
former is symmetrical ,* but the first appearance of the latter never takes 
place save during embryonic life, and their structure is more complex, 
and is more conformed to the plan and construction of the body at large, 
than is that of tumours, whose production may take-place at any period 
of life. And between those tumours which are known as ‘ piliferous’ and 
‘ dentigerous cysts,’ and those encysted embryoes (usually incomplete in 
their formation) which are sometimes found in the bodies even of males, 
it is impossible to establish any line of demarcation sufficiently precise, 
to prevent our recognizing them as all having the same origin, and being 
expressions of the same power, — the simple cyst being a kind of rude 
attempt at the production of a distinct individual, — and the encysted 
embryo being but the result of an unusually high development of a 
proliferous cyst. 

341. The state of Atrophy is in all respects the very opposite of that 
of Hypertrophy ; consisting in such a reduction in the rate of formative 
activity of parts, as compared with that of their ‘ waste,’ that their nutri- 
tion is no longer maintained at its previous standard ; so that they are 
gradually reduced in bulk, or degenerate into some inferior histological 
type, or (which is more common) undergo both diminution and deteriora- 
tion at the same time. It is important to bear in mind, that Atrophy may 
take-place, either locally or generally, from an unusuaUy-rapid disintegra- 
tion of the tissues, imcompensated by a corresponding increase in the rate 
of their nutrition : df such local atrophy, we have a characteristic example 
in the rapid reduction of the bulk of the uterus after parturition, and 
of the mammary glands after the sudden cessation of lactation ; of the 
general, we see an illustration in that rapid wasting of the system, which 
takes place in the irritable state that results from excessive and prolonged 
exertion of body or anxiety of mind, especially when accompanied with 
want of sleep, the increased disintegration being marked by ffie presence 
of an unusual amount of urea and of the alkaline phosphates in the urine. 
But in the ordinary forms of Atrophy, there is not merely a relative but 
an absolute reduction in the rate of the formative process, or a lowering 
of its standard of perfection ; and here also we have to look for its causes, 
on the one hand, in the condition and supply of the blood, and, on the 
other, in the formative capacity of the tissues themselves. — The Atrophy 
dependent upon an insufficient supply of nutritive materiala, may be 
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either general or partial. General atrophy, or emaciation, k a neoetisaiy 
result of deficiency of food ; but it may aLsK) proceed from an imperfect 
performance of the assimilating processes, whereby the nutritive materials 
do not receive their requisite elaboration, as in cases of disease of the 
mesenteric glands ; or from an unusual energy of the metamorphio pro- 
cesses, whereby the azotized constituents of the food are decomposed into 
excrementitious products, without undergoing assimilation at all, as seems 
to be the case in diabetes. Of the atrophy of a particular tissue, conse- 
quent upon the deficiency of its proper materials in the blood, we have 
an example in the reduction of the adipose, when there is no surplus of 
fatty matter to serve for its nutrition, but on the other hand a withdrawcd 
of the contents of the fat-cells into the circulating current, whilst the 
nutrition of the muscular and other azotized tissues may proceed with its 
usual vigour. — Instances of complete local atrophy, or gangrene, resulting 
from deficiency in the supply of blood to a part, are by no means unfre- 
quent ; but it is less common to meet with a prolonged diminution in 
the rate of nutrition from such a cause, since a partial obstruction to the 
circulation is usually removed after a short time by the enlargement of 
the collateral vessels. Yet there are peculiar circumstances under which 
this does not take place ; thus Mr. Curling has shown that atrophy may 
occur in that portion of a fractured bone which is cut-off from the 
direct supply of blood through the great medullary artery ; the circu- 
lation being restored by anastomosis to such an extent as to prevent 
the death of the bone, but not so completely as to support vigorous 
nutrition.* 

842. The most frequent cause of Atrophy lies, however, in the deficiency 
of formative power in the tissues themselves, arising from the decline of 
that capacity which they inherit from the germ. This decline, as already 
shown, takes place in the body at large, as a part of the regular order of 
things, with the advance of years, and also normally occurs in particular 
organs at earlier periods of life ; but it sometimes takes place prema- 
turely, either in the body at large, or in particular organs, so that they 
undergo a wasting or degeneration without any ostensible cause. Thus 
it is not at all uncommon for Articular Cartilages to be almost entirely 
destroyed through defect of nutrition, without any pain or other symp- 
toms to caU attention to the change in progress ; f and many similar cases 
might be cited. There is reason to believe that * fatty degeneration,’ 
the form under which degeneration most commonly presents itself (§ 333), 
is in reality far more frequent than simple wasting ; but it attracts less 
notice, because the bulk of the tissues is little or not at all diminidied ; 
and it is only when their function becomes impaired, that attention is 
seriously drawn to the change. This form of Atrophy can seldom be 
attributed to antecedent diminution in functional activity ; for it is most 
common in organs upon which there is the most constant demand for the 
energetic performance of their respective duties, as, for instance, in the 
heart, the kidneys, and the liver. But the formative activity of Muscles 
and Nerves is so closely dependent, as already several times pointed-out, 
upon the active exercise of their ftmctional powers, that atrophy is cer- 
tain to supervene if this be interrupted ; and this atrophy may or may 

♦ “ Medico-Chirurgical Transaction^” vol, xx. 

f See Eedfem, On Anormal Nutrition in Articnlar Carriages,” p. 65* 
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not present itself under the form of fetty degeneration ; a shrinkage of 
the parts, concurrently with the production of an increased amount of 
fat in them, being perhaps the mode in which it most frequently takes 
place. Atrophy ^ one part, moreover, may be dependent upon atrophy 
or imperfect functional activity of another, if the two be so related in 
their normal functions, that a decline of one involves a corresponding 
decline in the other. Thus if a motor nerve be paralyzed, the muscles 
which it habitually calls into action will be atrophied ; and this will 
equally happen, whether the want of motive power depend upon a defi- 
cient production of it in the nervous centres, or upon an^nterruption 
to its conduction through the trunks. On the other hand, if‘ the 
muscles of a part undergo degeneration from want of use (as in disease of 
the hip-joint), the nerves which supply them also suffer. The same is 
the case in regard to the nerves and organs of sense ; for atrophy of the 
eye will occasion atrophy of the optic nerve, and destruction of the optic 
ganglia will induce atrophy of the eyes and optic nerves. Even the 
bones of a limb will suffer, in cases of atrophy of the muscles consequent 
upon disuse; for in an experiment made by Dr. J. Reid, to determine 
the effect of artificial exercise in maintaining the nutrition of muscles 
whose nerves had been divided, the bones of the quiescent limb only 
weighed 81 grains, whilst those of the exercised limb weighed 89 
grains.f — It is an important fact, which was first pointed-out by Mr. 
Paget, J that when fatty degeneration is commencing in any tissue, which 
is characterized by the persistence of its nuclei, it is in the nuclei that the 
first alterations are seen ; for they become pale and indistinct, and may 
even disappear altogether, almost before any other change is discernible in 
the contents of the cells or tubes to which they appertain ; but in atrophy 
from mere decrease, this disappearance of the nuclei does not occur. 

343. Reparative Process . — The nutritive operations take place with 
extraordinary energy and rapidity in the process of Reparation ; by 
which. losses of substance occasioned by injury or disease are made good. 
In its most perfect form, this process is exactly analogous to that of the 
first development of the corresponding parts ; and its results are as com- 
plete in the one case as in the other. In fact, among the lowest tribes of 
Animals, we find these two conditions blended, as it were, together ; for 

* The Author had some time ago under his observation a case in which three males 
of a family progressively became affected, between the ages of 3 and 5 years, with 
fhtty degeneration of the muscles, which proceeded in the most advanced case to the 
almost complete obliteration of their normid structure. This change had been considered 
by many eminent Practitioners to be idiopathic ; that is, to have its primary origin in the 
muscular tissue ; and the measures which had been employed to arrest it had been of no 
avail whatever. It was a strong argument, however, against such a view of the case, 
that, in the heart of the eldest son, who died of fever at the age of 16, no fatty degene- 
ration could be discovered ; and on making inquiry into the history of the parents and of 
theirfamilies, ample evidence was discovered for the belief, that the disease was dependent 
upon the want of functional power in the nervous centres. Acting on this view, it was 
recommended that the muscular system should be kept as much as possible in a state of 
active exercise, and that a weak galvanic current should be frequently transmitted through 
the limbs from the spine. This treatment proved so far successful, that the progress 
of the disease appeal to be arrested in the most-advanced case, whilst a decided 
improvement took place in the condition of a younger child, who was previously 
pa^Dg rapidly into a state resembling that of his elder brothers. 

f “ P^yi^logical, Anatomieal, and Pathological Researches,*’ p. 10. 

X ** Leotures on fiazgieid Pathology," vol. i. p. 106. 
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ihe process of reparation may be carried in them to such an eattent, as 
to reproduce the whole organism from a veir small portion of it. In 
the Hydra, or Fresh-water Polype, there would seem to be scarcely any 
limit to this power ; for, even if the body of the animal be minced into 
small fragments, every one of these can produce a new and perfect being. 
In this manner, no less than forty have been artificially generated from 
a single individual. — In ascending the Animal scale, we find this repara- 
tive power less conspicuous, because limited in its exercise to particular 
tissues and to comparatively insignificant parts of the body ;* and in 
Man, as in other warm-blooded Vertebrata, the regenerative power is for 
the most part restricted in its exercise, as Mr. Paget has pointed-out, f to 
three classes of parts; — namely, (1). “ Those which are formed entirely 
by nutritive repetition, like the blood and epithelia (their germs being 
continually generated de novo in the ordinary condition of the body) ; 
(2). Those which are of lowest organization, and (what seems of more 
importance) of lowest chemical character, as the gelatinous tissues, the 
areolar and tendinous, and the bones ; (3). Those which are inserted in 
other tissues, not as essential to tlieir structure, but as accessories, as 
connecting or incorporating them with the other structures of vegetative 
or animal life, such as nerve-fibres or blood-vessels. With these excep- 
tions, injuries or losses are capable of no more than repair in its limited 
sense ; i.e, in the place of what is lost, some lowly-organized tissue is 
formed, which fills up the breach, and suffices for the maintenance of a 
less perfect life.” — Yet, even thus restricted, the operations of this power 
are frequently most remarkable ; and are in no instance, perhaps, more 
strikingly displayed, than in the re-formation and remodelling of an entire 
Bone, when the original one has been destroyed by disease. That this 
power is intimately related to that by which the organism is normally 
built-up and maintained, is evident, not merely from the peculiar mode 
in which it is exercised, — its tendency being always to reproduce each 
part in the form and structure characteristic of it at the particular 
period of life, and not according to its embryonic type, — ^but also from 
the fact that it is more effectual in the state of growth than in the adult 
condition, and that it can do far more in the embryonic state, when deve- 
lopment as well as growth is taking place, than after the developmental 
process has ceased. In fact, as Mr. Paget has remarked (loc. cit.), its 
amount at different periods of existence, as in different classes of animals, 
seems to bear an inverse ratio to the degree of development which has 
already taken place. Thus it is well known to every Practitioner, how 
much more readily and perfectly the lesions resulting from accident or 
disease are repaired in childhood and youth, than they are after the 
attainment of the adult state. And there is evidence that during 
embryonic life, the regeneration of lost parts may take place in a degree 
to which we have scarcely any parallel after birth : for Prof. Simpson has 
brought-together numerous cases, in which, after ‘ spontaneous ampu- 
tation ’ of Qie limbs of a foetus, occurring at an early period of gestaticm, 
there has obviously been an imperfect attempt at the re-formation of the 
amputated part from the stump and it seems probable, from the history 
of normal development, that in the cases in which perfect hands and leet 

* See “Princ. of Comp. Phys.,” chap, xl, icct 8. f Op. cit., p. 1(J4. 

t These cases were bcought by Prof. Siwpson before the Physiological Sectioa of the 
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have been present without the corresponding limbs, these hands and feet 
have been secondary productions from the stumps of amputated limbs, 
since any original defect of development would have affected the hands 
and feet rather than the arms and legs. There are occasional examples, 
moreover, in which this regenerative power has been prolonged to an 
imusually-late period : thus an instance is recorded, on authority that 
can scarcely be doubted, of the twice-repeated reproduction of a super- 
numerary thumb, after it had been twice completely removed;* and the 
Author has been assured by a very intelligent surgeon, that he was cogni- 
zant of a case in which the whole of one ramus of the lower jaw having been 
lost by disease in a young girl, the jaw had been completely regenerated, 
and teeth were developed and occupied their normal situations in it.f 

844. It has been a general opinion among British surgeons (founded 
upon what they believe, but erroneously, to have been the doctrine of 
Hunter), that Inflammation is essential to the process of Eeparation. 
There is no doubt that, as usually conducted, the healing of wounds is 
attended by a greater or less degree of Inflammation ; but it does not 
thence follow that this morbid condition is essential to the renewal of the 
healthy state ; and in fact it can be shown that, in the majority of cases, 
the occurrence of Inflammation is injurious rather than beneficial. It 
was by Dr. Macartney that the first clear enunciation of this important 
truth was made ; and hia conclusions, founded upon a philosophical 
comparative survey of the operations of Eeparation and Inflammation as 
performed in the different classes of animals, — namely, “ that the powers 
of reparation and reproduction are in proportion to the indisposition or 
incapacity for inflammation; — that inflammation is so far from being 
necessary to the reparation of parts, that, in proportion as it exists, the 
latter is impeded, retarded, or prevented ; — that, when inflammation does 
not exist, the reparative power is equal to the original tendency to pro- 
duce and maintain organic form and structure ; — and that it then becomes 
a natural function, like the growth of the indi\idual, or the reproduction 
of the Bpecies,”J — may be regarded as substantially correct, although 
requiring some modification in particular cases. 

345. The simplest of all the methods of healing of an open wound, is 
that which is termed by Dr. Macartney ‘ immediate union.’ It is often 
seen in the case of small incised wounds, such as cuts of the fingers, or 
the incision made in venesection, in which the two edges can be brought 
into close approximation, so that they grow-together without any con- 
necting medium of blood or lymph ; but it sometimes occurs in larger 
ones,§ and as it is the best imaginable process, the surgeon ought to 

British Association, at its Meeting in Edinburgh, Aug. 1850. The Author, having had 
the opportunity of examining two living examples, as well as Prof. Simpson’s prepara- 
tions, is perfectly satisfied as to the fact. 

* See Mr. White’s Treatise on the “Regeneration of Animal and Vegetable Substances,” 
(1786) p. 16. A case is now under Dr. Carpenter’s observation, where the reproduction 
of a supernumerary digit, after removal, has occurred once, and a second operation is 
postponed till the child has ceased to grow. — E d. 

f For analogous oases, see “Wagner on Eesections,” Syd. Soc. Transl., p. 187* 

t Dr. Macartney’s “ IVeatise on Inflammation,” p. 7. 

§ Mr. Paget mentions a case of extirpation of a mammary tumour, in which the greater 
part of the wound was found to have healed after this fashion ; the skin and fascia having 
«o firmly adhered, that no indication existed of their previous detachment ; and no effusion 



REPARATIVE PROCESS, 


8S7 


favour it as much as possible, by procuring the most exact coaptation of 
the wounded parts, and by repressing any tendency to inflammation 
which will interfere with it This is the mode of union which waa 
spoken-of by John Hunter as ‘healing by the first intention.’ He 
supposed that the union takes place through the medium of the blood 
intervening between the lips of the wound, which undergoes organization 
into a connecting tissue ; but it is now certain that although blood tnay 
become organized, especially when effused into a wound secluded from 
the air, yet that its intervention opposes, rather than favours, healing by 
immediate imion. 

346. That wliich is commonly known amongst British Surgeons as 
‘ healing by the first intention,’ is that which was designated by Hunter 
as ‘ union by adliesion ’ or by ‘ adhesive inflammation.* This process 
takes-place in the case of incised woimds, of which the edges axe not 
brought into perfect coaptation, or in which some inflammatory action is 
present, which gives-rise to the effusion of plastic lymph. In either 
case, the connection is finally re-established by the organization of the 
lymph, into wdiich vessels pass from both surfaces ; but the intervention 
of this bond is manifested in the persistence of the cicatrix, which is 
quite distinguishable by its peculiar appearance from the surrounding 
tissue. A very good example of this process, as it takes-place under 
favourable circumstances, is presented after operations for hare-lip ; the 
wound left by which, however, may partly heal by ‘ immediate union.* 
Even the moderate effusion of lymph, to a degree that is altogether 
salutary, cannot be regarded as alone sufficing, under such circumstances, 
to constitute Inflammation. But it is well known that if a slight wound, 
which is thus healing, be provoked to an increased degree of inflamma-' 
tion, its progress is interrupted ; and all the means which the Surgeon 
employs to promote union are such as tend to prevent the accession of 
this state. — The only case in which the concurrence of Inflammation can 
be regarded as salutary, is that in which there is a deficiency of Fibrin in 
the blood, causing a deficient organizahitity of the lymph. It has been 
seen that the amount of fibrin is rapidly increased by inflammation 
(§ 178) : and the Surgeon well knows that a wound with pale flabby edges, 
in a depressed state of the system, will not heal, until some degree of 
Inflammation has commenced. But when the inflammatory state has 
developed itself, in however trifling a degree, there is always a risk of its 
proceeding further, and occasioning a degeneration of the plastic material, 
so that the formation of i)us-cells and the effusion of purulent fluid take 
place, instead of the development of uniting tissue. 

347. The reparation of wounds, in which there has been so great a loss 
of substance that neither immediate union nor adhesion by a thin layer of 
coagulable lymph can take place, is accomplished by the gradual develop-^ 
ment of new tissue from the ‘nucleated blastema’ with which the cavity 
is first filled. But this may take place in different modes, according to 
the degree in which it is disturbed by the Inflammatory process ; and it 
should be the great object of the Surgeon to procure the most favourable 
method of its performance. It has been shown by Mr. Paget* that the 
mode in which the process of fiUing-up is accomplidied, differs essentially 

of coagalable lymph, or production of a connecting tissue, being detectibleby microsoopic 
examination. (“L^ures on Sui;^cal Pathology,” voL i. p. 193.) ♦ Op. 
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accordixig aa the wound is subcutaneous, or is exposed to air. In the 
former case, the nucleated blastema is gradually developed into fibrous 
tissues without any loss, and usually vrith fireedom trom local infiamma- 
tion (beyond what may have been requisite for the production of the 
plastic fluid), as well as from constitutional irritation. In the latter case, 
the nucleated blastema is developed into cells ; and those on its exposed 
surface are unable, either from degeneration or from imperfect develop- 
ment, to pass-on to any higher form of organization, but take-on the 
characters of pus-cells, and are only fit to be cast-off. Hence there is a 
continual loss of plastic material, the amount of which, in the case of an 
extensive suppurating sore, forms a most serious drain upon the system ; 
whilst, at the same time, the local inflammation gives-rise to more or less 
of constitutional disturbance, and the formation of new tissue is by no 
means so perfect as in the preceding case. In cold-blooded animals, 
however, the contact of air does not produce this disturbance ; and we 
see wounds with extensive loss of substance gradually filled-up in them 
by the development of new tissue, without any suppuration or other waste 
of material, very much as in the subcutaneous wounds of warm-blooded 
animals. This method of healing, which has been termed by Dr. Macartney 
the ‘modelling process,’ is nothing else than healing by granulations 
under the most favourable circumstances ; and to procure this should be 
the endeavour of the Surgeon, who too frequently considers suppurative 
granulation as the only means by which an open wound can be filled-up. 
The difference between the two modes of reparation is often one of life 
and death, especially in the case of large burns on the trunk in children ; 
for it frequently happens that the patient sinks under the great constitu- 
tional disturbance occasioned by a large suppurating surface, although he 
has survived the immediate shock of the injury. — Now the means adopted 
by Nature to bring this about, in warm-blooded animals, is the formation 
of a scab ; which reduces the wound more nearly to the condition of a 
subcutaneous one, so that the reparative growth and formation of new 
tissue take place (under favourable circumstances) without any suppura- 
tion, and with scarcely any irritation ; the subsequent cicatrix, too, being 
much more like the natural parts, than are any scars formed in wounds 
that remain exposed to the air. In the Hiunan subject, however, the 
process is far less certain than it is among the lower animals, owing to the 
liability to inflammation in the wounded part, and the consequent effusion 
of fluid, which produces pain, compresses the wounded surface, or forces 
off the scab, with great discomfort to the patient, and retardation of the 
healing. Small wounds, however, in persons of good habit of body, and 
ii^ parts wfiich can be completely kept at rest, readily heal in this manner ; 
and large wounds have been known to close, in the same desirable mode, 
beneath a clot of inspissated blood. In fact, among ‘uncivilized’ nations, 
whose habits of life are favourable to health, — their bodies being con- 
tinually exposed to fresh air, their food wholesome and taken in modera- 
tion, and their drink water or other unstimulating liquids, — ^there seems 
to be as ^eat a tendency to this method of reparation, as exists among the 
lower animals ; and the difficulty of procuring it among the members of 
‘ civilized’ communities, is^owing, without doubt, to the wnwa^wraZ condi- 
tions under which they too frequently live. Seeing as we continually do, 
the effects -of foul air, of habitu^ excess in diet, and of the constant abuse 
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of stimulants, in impairing that form of the reparative process which mxist 
be regarded as the least favourable, namely, fibe closure of a wound by 
suppurating granulations, it is very easy to comprehend, that, to induce 
the most favourable method, the most perfect freedom from all pernicious 
agencies should be required. 

348. The most effectual means of promoting this kind of Eeparative 
process, and of preventing the interference of Inflammation, vary accord- 
ing to the nature of the injury. The exclusion of air from the surflice, 
and the regulation of the temperature, appear the two points of chief 
importance. By Dr. Macartney, the constant application of moisture is 
also insisted on.* He states that the immediate effects of injuries, espe- 
cially of such as act severely upon the sentient extremities of the nerves, 
are best abated by the action of “ steam at a high but comfortable tem- 
perature, the influence of which is gently stimulant, and at the same time 
extremely soothing.” After the pain and sense of injury have passed 
away, the steam, at a lower temperature, may be continued ; and, accord- 
ing to Dr. M., no local application can compete with this, when the 
Inflammation is of an active character. For subsequently restraining 
this, however, so as to promote the simple rejmrative process. Water- 
dressing will, he considers, answer sufficiently well ; its principal object 
being the constant production of a moderate degree of Cold, which dimi- 
nishes, whilst it does not extinguish, sensibihty and vascular action, and 
allows the Reparative process to be carried-on as in the inferior tribes of 
animals. The reduction of the heat in an extreme degree, as by the 
application of ice or iced water, is not here called-for, and would be posi- 
tively injurious; since it not only renders the existence of Inflammation 
in the part impossible, but, being a direct sedative to all vital activity, 
suspends also the process of restoration. The efficacy of Water-dressing 
in injuries of the severest character, and in those which are most likely to 
be attended with violent Inflammation (especially wounds of the large 
joints), has now been established beyond all question; and its employ- 
ment is continually becoming more general. | — Other plans have been 
proposed, however, which seem in particular cases to be equally effectual. 
To Dr. Greenhow, of Newcastle, for instance, it was accidentally sug- 
gested, a few years since, J to cover the surface of recent burns with a 
liquefied resinous ointment, so as to form an artificial scab; and he states 
that in this manner suppuration may be prevented, even where large 
sloughs are formed ; the hollow being gradually filled-up by new tissue, 
which is so like that which has been destroyed, that no change in the sur- 
face manifests itself, and none of that contraction, which ordinarily occurs 
even imder the best management, subsequently takes place. — A plan 
moreover, been proposed for preventing suppuration and promc 
reparation by the ^ modelling’ process, which consists in the application 
warm dry air to the wounded surface. Although the experiments yet 
published have not been entirely satisfactory, they seem to show that 
whilst the process of healing may be slower imder treatment of this kind, 
it is attended with less constitutional disturbance than is often unavoid- 

* “Treatise on Inflammation,” p. 178. 

+ See an account of the results of this treatment by Dr. Gilchrist^ in BiiA and For. 
Med. Kev.,” July 1846, p. 242. 

5 : “Medical Gazette,” Oct. 33, 1838. 
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able ia the ordinary method; and that it may, therefore, be advan- 
tageotudy put in practice in those cases, in which the condition of the 
patient requires every precaution against such an additional burthen, — 
as after amputation in a strumous subject.* 

349. When the process of healing of an open wound by Suppurative 
Granulation is attentively watched, it is seen that the first stage is the 
formation of a * glazing’ on the exposed surface, which closely resembles 
the buffy coat of the blood, being composed of coagulated fibrin and 
colourless corpuscles ; in this manner a sort of imperfect epithelium may 
be formed, within half an hour after the surface has been laid-bare. The 
increase of this glazing is the prelude to the formation of granulations ; 
but whilst it is going-on, there is, in and about the wound, an appearance 
of complete inaction, a sort of calm, in which scarcely anything appears 
except a slight oozing of serous fluids from the wound, and which con- 
tinues from one day to eight, ten, or more, according to the nature and 
extent of the wounded part, and the general condition of the body. “ This 
calm,” says Mr. Paget, ‘‘ may be the brooding-time for either good or 
evil ; whilst it lasts, the mode of union of the wound will, in many cases, 
be determined ; the healing may be perfected, or a slow uncertain process 
of repair may be but just begun; and the mutual influence which the 
injury and the patient’s constitution are to exercise on one another, 
appears to be manifested more often at or near the end of this period, 
than at any other time.” The cessation of this period of calm, and the 
active commencement of the reparative operations, are marked by the 
restoration of the flow of blood in the vessels of the wounded part ; but 
the current is not altogether normal, being slower but fuller than natural, 
so that on the whole more blood than usual passes through the capillary 
plexus. This increased afflux of blood is followed by effusion of plastic 
material in increased proportion ; and it is from this effusion that the 
granulating process properly commences. — The plastic material effused 
upon the surface of an open wound, is first developed into cells ; and 
these cells, in the deeper portions of the effusion, are metamorphosed 
into fibrous tissue, of which the substance of the granulations is composed. 
Those which are formed upon the surface, however, are converted into 
pus-cells ; in some instances (as Mr. Paget has pointed-out) by dege- 
neration from a higher development; in other cases by an origindly 
imperfect development ; and thus the granulation-surface is constantly in 
a state of morbid action, and a large proportion of the plastic material is 
completely wasted. The layer of pus, however, serves as a sort of epithe- 
lium for the subjacent granulation-tissue, in which we find not only a 
complete formation of cells, but a commencement of the metamorphosis 
of these cells into fibres, before blood-vessels make their appearance in the 
tissue. These blood-vessels are formed by “ out-growth” from the subja- 
cent capillaries. From the investigations of Mr. Liston, it appears that the 
vessels of the subjacent tissue are much enlarged, and assume a varicose 
character. The bright red colour of the granulations, however, does not 
depend on tiieir vascularity alone ; for the cells themselves, especially 
those most recently evolved, are of nearly as dtep a colour as the blood- 
corpuscles; and the sanguineous exudatiofr '^hich follows even the 

See M. J ules Guyot, Temploi de la Obaleur dans le Tiaitement dea Ulo^res, 
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slightest touch of the granulating surface, doOs not ptoceed firom blood 
efiSised from the newly-formed vessels only; for the ml fluid shed in this 
manner contains, besides blood-discs, newly-developed red cells, ruddy 
cytoblasts, pale granules, and reddish serum. It is a common property of 
animal cytoblasts, that they present a reddish colour on their first forma- 
tion, when in contact with oxygen ; but this hue they lose again, whether 
they advance to perfect development and become integral parts of a living 
tissue, or die and degenerate. 

350. The process of Suppurative Granulation, then, appears to differ 
from the process of granulation as it takes place in closed wounds, or in a 
warm moist atmosphere (the ‘ modelling-process’ of Dr. Macartney), 
essentially in this : — that a large part of the exudation-corpuscles deposit^ 
on the wounded surface degenerate into pus in the former case, whilst 
none are thus wasted in the latter ; — ^but that the existence of inflamma- 
tion occasions a more copious supply of fibrin in the former case, and 
increases its tendency to become organized : the fiUing-up of a wound with 
granulations being thus a much more rapid process, than that renewal of 
the completely-formed tissues which may take place in the absence of 
inflammation. The imperfect character of the granulation-structure is 
shown, by the almost complete disappearance of it after the wound has 
closed-over. The portion of it in immediate contact with the subjacent 
tissue, however, appears to undergo a higher organization ; for it becomes 
the medium by which the cicatrix is made to adhere to the bottom of the 
wound. It is very liable to undergo changes which end in its disintegra- 
tion ; as is evident from the known tendency to re-opening, in wounds 
that have been closed in this manner. 

351. When two opposite surfaces of granulations, well developed, but 
not yet covered with cuticle, are brought into apposition, they have a 
tendency to unite, like the two original surfaces of an incised wound. 
This method of union, which was noticed by John Hunter, has been 
appropriately termed ‘ secondary adhesion’ by Mr. Paget. The surgeon 
may frequently have recourse to it with great advantage, when primary 
adhesion is impossible, and when the filling-up of the wound with granu- 
lations would be a tedious process, and very exhausting to the patient. 
In applying it to practice, it is essential to success, first, that the granu- 
lations should be healthy, not inflamed or profusely secreting, nor degene- 
rated as those in sinuses commonly are ; and secondly, tliat the contact 
between them should be gentle but maintained : it seems desirable, also, 
that the granulation-surfaces should be as much as possible of equal 
development, and alike in character. ♦ 

4. Abnormal Forms of the Nutritive Process. 

352. Under the preceding head we have considered the chief variations 
in the degree of activity that are witnessed in the ordinary or normal 
conditions of the Nutritive process, — those conditions, namely, in which 
the products are adapted, by their similarity of character, to replace those 

* On the whole subject of ftih ^Reparative Processes, see Mr. Paget's admh^ble "I<eo- 
tores on Surgical Pathology'* (vol. L Lect. viL-xiL) ; from wMoh many d the loregoiag 
statemeatfi and doctrines are ^opted. 
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wbioh liave been removed by disintegration. But we have now to con- 
sider those forms of this process in which the products are abnormal ^ — 
being difEerent from the tissues they ought to replace. We shall confine 
ourselves to a brief examination of a few of some of the most important 
of these states ; and that which first claims our consideration, on account 
of the frequency of its occurrence and the importance of its results, is 
Inflammation , — Although Pathologists have been accustomed to look for 
the ‘ proximate cause’ of the phenomena which essentially constitute the 
Inflammatory state, or, in other words, for the first departure from the 
normal course of vital action, in the enlarged or contracted dimensions of 
the blood-vessels of the inflamed part, or in the altered rate of movement 
of the blood through it, yet it may now be safely affirmed that these are 
only secondary alterations, depending upon an original and essential per- 
version of that normal reaction between the blood and the tissues, which 
constitutes the proper Nutritive process. This perversion manifests itself 
(1) in a diminution in the formative activity of the tissues, leading to 
their degeneration and death ; (2) in an augmentation of the plastic com-* 
ponents of the blood, proceeding in all probability, as Virchow has sug- 
gested, from their increased local production, and subsequent conveyance 
into the circulating fluid by the lymphatics ; and (3) in these newly- 
iomied materials appearing either in a state in which they may pass into 
a low form of organized tissue, or in such a degraded condition that they 
are altogether unorganizable, and are fit only to be cast-out from the body. 
Each of these phenomena requires a separate examination, both as to its 
causes and its consequences. 

353. Although it has been customary to speak of Inflammation as a 
state of ‘ increased action’ in the part aflected, — of which increased action, 
the augmentation in the bulk and weight of an inflamed part, and in the 
quantity of blood which passes through it, together with its higher tem- 
perature and more acute sensibility, would seem to furnish sufficient 
evidence, — yet all these signs are found to be deceptive, when they are 
more closely examined ; and the conclusion is forced upon us, that the 
vital power of the part is really depressed rather than exalted. For the 
increase in bulk and weight is not due to such an augmentation of its 
proper tissue, as would truly constitute Hypertrophy ; on the contrary, 
even in the slightest forms of Inflammation there is such a diminution in 
the rate of its nutrition, as really constitutes Atrophy ; and such augmen- 
tation of the solid mass as may take place, is produced by the passage of 
the fluid which should properly have been applied to the nutrition ot the 
part, into an organized tissue of the lowest kind, and this in virtue rather 
of its own plasticity, than of the vital force which it derives from the 
tissues which it infiltrates. That there has been an atrophy rather than 
a hypertrophy of the proper fabric of the part, becomes evident enough 
when the inflammation has passed-away, and this newly-formed tissue 
undergoes degeneration and absorption. The only tissues in which there 
is any appearance of increased formation during the inflammatory state, 
are those which correspond in their low type of ^organization with the new 
tissue thus generated : namely, the areolar and other simple fibrous tissues, 
and also the osseous, in all of which, as Virchow has shown, the cells 
undergo remarkable increase, constituting what he has termed Hyper- 
plasia, or a formation of new elements, in opposition to Hypertrophy, or 
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m increase in the nutrition of existing parts,* When the Inflammation 
is more severe, the tendency to degeneration in the proper tissues of the 
part becomes very obvious : for it is by tlieir interstitial decay and 
removal, that the cavity of an abscess is formed ; it is by their supeificial 
death and absorption or solution, that ulceration takes place ; and it is in 
the death of a whole mass at once, that gangrene consists* 

354. Tliat a diminution in the formative activity of the Tissues is an 
essential characteristic of the Inflammatory state, further appears from the 
study of its Etiology ; for whether the causes to which the inflammatory 
attack may be traced are local or general^ acting primarily upon the 
tissues of the part, or first affecting the blood, their operation is essentially 
the same. Thus the local causes are all obviously such as tend either 
directly to depress the vital powers, or to elevate them at first, and then 
to depress them by exhaustion. Of tlie former kind are cold and mecha- 
nical injury ; also many chemical agents, whose operation tends to bring 
back the living tissues to the condition of inorganic compounds. Under 
the latter category are to be ranked all those agencies, which produce 
over-exertion of the functional power of the part; amongst which may be 
named heat, when not so excessive as to produce a directly destructive 
effect. Now cold, heat, chemical agents, and mechanical injury, when 
operating in sufficient intensity, at once kill the part, by entirely destroy- 
ing, instead of merely depressing, its vital powers; and it is on the 
borders of the dead part, where the cause has acted with less potency, 
that we find the inflammatory state subsequently presenting itself. — On 
the other hand, there can be no doubt that many inflammations have 
their origin in morbid conditions of the Blood, which, without any other 
cause whatever, may determine all the other phenomena. This is most 
obvious with regard to those of a ‘ specific’ kind ; but it is also probably 
true of the majority of the so-caUed spontaneous or constitutional, as 
distinguished from traumatic inflammations. We seem, indeed, to be 
able to trace a regular gradation, between inflammatory attacks which are 
entirely traceable to the introduction of a poison into the blood, and 
those which result from causes purely local. Under the first head, we 
may unquestionably rank such inflammatory diseases as are produceable 
by inoculation, the eruptive fevers for example; and scarcely less 
thoroughly demonstrated are the cases of rheumatism and gout, and 
many inflammations of the cutaneous textures, which, when occurring in 
the chronic form, tend to exhibit a regular symmetry (§ 198). In all 
such cases, the local affections are the external signs of the general affec- 
tion of the' blood, just as are the inflammations produced by the intro- 
duction of arsenic or of other irritant poisons into the circulation ; and 
they may in fact be reasonably attributed to the impairment of the 
formative activity of the parts upon which these poisons fix themselves, 
in virtue of their ‘elective affinity’ (§ 202), just as tlie peculiar functional 
activity of the nervous centres is affected by narcotic poisons. And this 
view of the really-local action of what are primarily regarded as general 
or -constitutional causes of inflammation, is confirmed by the fa^ that 
the localization of the perverted nutritive condition is often determined 
(as both Dr. W. Budd and Mr. Paget have remarked) by a previous or 


“ Cellular Pathology/’ 1860, p. 403. 
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concurrent weakening or depression of the vital activity of the part. Thus 
a part which has been the seat of former disease or injury, and which has 
never recovered its vigour of nutrition, is always more liable than another 
to be the seat of local manifestation of blood-disease ; it is, in common 
language, the ‘ weak part.’^ And it frequently needs such a concurrent 
operation of a local depressing cause, to fix and develope the action of the 
constitutional cause, or blood-disorder ; thus, a rheumatic or gouty dia- 
thesis may exist for some time (as when, to use a common expression, 
the disease is ^ flying about ’ the patient), and yet the poison may not 
have sufficient potency to produce an attack of acute inflammation, until 
the vitality of some particular organ becomes depressed by cold, over- 
exertion, or some similar influence, which would not have itself engen- 
dered the diseased action, had it ,not been for the concurrence of the 
morbid condition of the blood. — Thus we seem justified in concluding, 
that, whether the causes of Inflammation act directly upon the tissues of 
a part, or whether they act upon it through the intermediation of the 
blood, their effect is to produce a depression in its vital powers, which 
manifests itself in a deficient as well as ahnormalli/ directed formative 
activity^ and in an increased tendency to degeneration ; and that this is 
one of the primary and essential conditions of Inflammation. 

355. This view is by no means inconsistent with the occurrence of 
other manifestations of Inflammation which have been supposed to indi- 
cate ‘ increased action and, in fact, it is in such striking accordance with 
the phenomena presented by the movement of the blood, when these are 
interpreted by the principles already laid-down, as to afford a powerful 
confirmation to both doctrines. The usual condition of the vessels of an 
inflamed part, is one of dilatation ; and this may be fairly attributed to 
the lowered vitality of their walls, whereby they yield too readily to the 
distending force of the current of blood. But this current moves too 
slowly; and its retardation may gradually increase, in the part most 
intensely inflamed, to the point of complete stagnation. Now this altered 
rate of movement cannot be attributed to any general cause : nor can it 
be accounted-for by the change in the diameter of the vessels ; for, on the 
one hand, it may occur with a constricted state of the vessels, whilst, 
on the other, in the vessels surrounding the inflamed part, which partal^e 
of the dilated condition, the flow of blood is so far from being retarded, 
that it usually takes-place more rapidly than usual. But it may be fairly 
considered as the result of the lowered or suspended nutritive activity of 
the part, which will tend to retard or entirely check the motion of blood 
in the systemic capillaries, just as the want of aeration retards or checks 
the pulmonary circulation (§ 245). It is quite true that a larger amoimt 
of blood passes through a limb, of which some part is in a state of active 
inflamm ation, than passes through the corresponding sound limb ; but 
this is far from inicating ‘increased action’ in the inflamed part, being 
dependent upon the augmented flow of blood through the tissues which 

* Thus Impetigo appears about blows and scratches in unhealthy children, and Erysi* 
polas first attikcks the seat of local injury in men with unhealthy blood. Perhaps as good 
an example as any, is afforded by the uniform limitation of the inflammation consequent 
upon the introduction of Vaccine matter into the blood, to the spots in which the puncture 
was made ; notwitihstanding that the whole mass of blood is affected by it, as is shown 
by its inoapaoi^ fhr sabsequently developing the poison of small- pox. —See also § 210. 
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siirround it; and if the whole of a limb be in a state of inHammation 
passing-on to gangrene (as occurs when a ‘ frost-bitten ’ limb has been 
incautiously warmed), the amount of blood which passes tbrough it is 
diminished. — It would be just as erroneous to assume the elevat^ tem- 
perature of an inflamed part as a sign of ^ increased action’ in it ; for this 
elevation is no doubt attributable in part to the augmented flow of blood 
through the surrounding vessels ; and, so far as it depends upon local 
changes, it obviously indicates a more rapid disintegration of tissue, 
rather than a more energetic production of it ; since it is in the former 
state, rather than in the latter, that the conditions of the development of 
heat (on the chemical theory) are supplied, as we see that the heat of a 
muscle is the gieatest when it is being disintegrated by active exercise, 
not when it is being repaired by the formation of new tissue in the 
intervals of repose. But, as Mr. Paget justly remarks, “ this phenomenon 
is involved in the same difficulty as are all those that concern the local 
variations of temperature in the body ; difficulties which the doctrines of 
Liebig, however good for the general production of heat, are quite unable 
to explain.” (See chap, x.) — And lastly, with regard to the unusual 
tenderness of inflamed parts, this is obviously due to such a combination 
of causes, neither of which can be legitimately held to indicate an increase 
of its proper vital activity, that nothing can be rested on this alone ; 
especially as we see an augmentation in the susceptibility of the sentient 
nerves, under many circumstances (as in hysterical disorders), in which, 
far from an augmented^ there is obviously a diminished activity in the 
parts from which they spring. — That neither an alteration in the circula- 
tion of a part, nor a departure from the normal condition of its nervous 
supply, can be regarded as one of the essential phenomena of inflamma- 
tion, is obvious from this, that the most important phenomena of inflam- 
mation may present themselves, as results of injury or disease, in parts 
that have neither biood- vessels nor nerves ; this is seen in the deposition 
of lymph in the cornea, in the ulceration of the cornea and of articular 
cartilages, and in other morbid actions in these parts, which, if ever 
they are vascular, become so only after the effusion of lymph in them, 
the new vessels being formed in this lymph, and not in the tissues them- 
selves. Here it is obvious that the whole change consists in a perversion 
of the nutritive actions which the tissues ought to carry-on, at the ex- 
pense of the materials which they draw from the blood of the surround- 
ing vessels. 

356. Of the alterations in the condition of the Blood in Inflam- 
mation, an account has already been given (§ 177) ; and it is here only 
necessary to recapitulate them. The most characteristic is the augmen- 
tation, either of the organizable or plastic fibrin, or of the organized 
colourless corpuscles ; the increased production of these two components 
seeming to bear in some degree a relation of reciprocity, the one to the 
other. The increase of Fibrin may be considered as the alteration most 
characteristic of a previously-healthy and vigorous state of the system ; 
and it is in the inflammations which occur in such subjects, that the 
effusions are most strongly disposed to become organized, and show the 
least tendency to undergo degenerative changes. On the other hand, the 
increase of the Corpuscular element seems to occur in cachectic or other- 
wise unhealthy individuals ; and the inflammatory effudons which partake 
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of the same character, are &x less plastic originally, and are ejctremely 
prone to undergo degeneration, either at the time of their effusion, 
subsequently. With this increase in the proportion of ffbrin and eohiim^ 
less corpuscles, separately or in combination, ,*^ere is a iMminution in 
proportion of the red corpuscles, albumen, and salts of blood. N(m0 
of these changes, however, can be legitimately regard^^as originally or 
essentially characteristic of the inflammatory ' condition ; they are, in 
fact, to be looked-on rather as the results of its establishment, constituting 
that series of alterations in the circulating fluid, which is of parallel order 
to that which occurs in the solid tissues wherein the inflammatory action 
has been set-up. ^ 

357. The Inflammatory state is flirther characterized by the effusion 
and local production of certain of the components of the Blood', either 
upon the surface, or into the substance, of the inflamed tissues. -r-The 
effusion of pure serum cannot be regarded as characteristic of inflamma- 
tion ; since it may take-place as a mere result of congestion, especially 
when this congestion is due to an obstruction to the return of the blood ; 
whilst, again, it may be due to an altered condition of the albuminous 
constituent of the blood, which favours its transudation (§ 173). The 
so-called serous effusions which are poured-forth in inflammation, do in 
reality contain fibrin in solution but this fibrin may not manifest its 
presence by spontaneous coagulation, until its passage into the solid state 
is favoured by the introduction of a piece of the washed clot of blood, or 
of the buffy coat, or of muscle or some other animal tissue, which seems 
to act as a sort of nucleus of fibrillation. The presence even of fibrin in 
such an effusion, however, is not in itself a sufficient proof of the existence 
of inflammation ; for it has been shown by the experiments of Mr. 
Eobinson,! that when the obstruction to the return of blood by the veins 
is so great as to occasion an excessive pressure within the capillaries, the 
fluid which transudes may contain enough fibrin to render it spontaneously 
coagulable. — The locally-developed material which is most characteristic 
of Inflammation, is that which is known as coagulable lymph; it is much 
to be desired, however, that some other designation should be applied to 
it, since the term ‘ lymph^ can only be appropriately employed for the 
fluid contents of the lymphatic vessels. The peculiar characteristic of 
this inflammatory product, is its capability of spontaneously passing into 
the condition of an organized tissue, either fibrous or cellular, or a mixture 
of both ; and of thus forming ‘ false membranes ’ on inflamed surfaces, or 
solidifying the infliamed part by the interstitial production of similar 
lowly-organized textures. Although it has been too much the habit of 
Pathologists, to speak of ‘ coagulable’ or ‘plastic lymph’ as if it were 
always one and the same thing, yet it really presents various gradations 
of character, which are manifested in its different degrees of organizability, 
and in the diverse nature of the tissues developed from it ; and, as Mr. 
Paget has pointed out, J there are two typical forms, the fibrinous, and the 
corpuscular, between which the others are intermediate. The former 
coagulates into a fibrous clot, resembling that of healthy blood, but 
usually showing a more distinct fibrillation. The latter (the ‘ croupous’ 

* This is deaied by Virobow (“Cellular Pathology/* p. 892). 

f “Medico-Ohlruiigioal Transactions,*’ vol. xxvi. p. 51. 

t ** Lsctures on Surgical Pathology,” vol. i. p. 332. 



ABNOBMAL FORMS OF THE NOTBITI^ PROCESS. — IKTI^AHMATIOK, 867 

exudation of Rokitansky) is characterized by the want of any proper 
cojpuktion, th^ fibrous clot being replaced by an aggregation of cells, 
in their firft appearance resemble very nearly tbe primordial con* 
idi^n of the coipiscles of the ^'lids of the absorbent vesselsi, and the 
oomurless corpuacfes of the1)lood. It is seldom, however, that either of 
^these typical for^Sti of lymph presents itself in a state of complete isolation 
firom the other ; they are much more commonly blended in various pro- 
portions, so that one or the other predominates ; and it is mainly upon 
the preponderance of fibrin, that the ‘ plasticity ’ of the fluid (or its 
capacity for organization) depends ; whilst according to the preponderance 
of corpuscles, will be its tendency to degeneration. Thus the exudation 
of fibrifious lymph is the symbol of the ‘ adhesive’ inflammation; whilst 
that of the ‘ corpuscular’ is similarly characteristic of the ‘ suppurative’ 
inflainmation. 

358. It is obviously of great consequence to ascertain the conditions 
which determine the production of one or other of these states; and 
these, as Mr. Paget has remarked (loc. cit.), may be considered under 
three heads, — (1) the previous state of the blood, (2) the seat of the 
inflammation, and (3) the degree and character of the inflammation. 
The condition of the bloody as determining that of the lymph, has been 
carefully studied by Rokitansky, who has shown that the characters of 
inflammatory deposits in different diatheses, correspond very generally 
and closely with those of the coagula found in the heart and pulmonary 
vessels after death. The results of Mr. Paget’s experiments on the same 
subject have been already cited (§ 198). And clinical observation fully 
confirms this doctrine by evidence of another kind ; that, namely, which 
is afforded by the different course of the* same specific diseases, in different 
individuals, according to the previously healthy or abnormal condition of 
their blood. There can be no doubt that a very large proportion of what 
are called ‘ unhealthy inflammations,’ especially those of the erysipelatous 
type, are to be regarded as owing their peculiarity to a deficiency in the 
due elaboration of the fibrin, and to the low vitality of the cellular com- 
ponents of the blood ; both of which conditions seem to be favoured by 
the presence of those decomposing matters, whose accumulation in the 
blood acts in many ways so prejudicially on the system at large.* — 
That the quality of the local product is in some degree determined by 
the seat or tissue in which the Inflammation occurs, appears from the 
different character of the products of the disordered actions that occur 
simultaneously in different organs of the same individual, and apparently 
under the operation of the same cause; thus it may happen that in 
pleuro-pneumonia, the two surfaces of the pleura become connected by 
an organized material of a fibrous character ; whilst the effusion in the 
substance of the lung is rather of the corpuscular nature, and speedily 
passes into suppurative degeneration. Mr. Paget ingeniously proposes 
to account for the determining influence in question, on the idea that the 
inflammatory product is influenced at the time of its formaticm by the 
assimilative force of each part, so that it is to be regarded as a mixture 
of true l 3 anph with its special product of assimilation ; thus we observe 
that in inflammations of bone the lymph usually ossifies, in those of Uga- 

* See Mr. Brooke Gellwey’s papers on * Unhealthy InflammatioB,* in the ** Lancet*’ for 
1849-50, and the “Medical Gazette” for 1860-51. 
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mmtA it is converted into a tough ligamentous tissue, and in those of 
secreting organs it contains a mixture of the ordinary secreted product. — 
The mode in which the intenaity of the Inflammation affects the character 
of the eflFiised lymph, is twofold. For, in the first place, the nature of 
the original effusion is likely to vary according to the degree in which 
the ordmaiy nutritive process is interrupted 4 since, the more intense the 
inflammation, the less will be the assimilating force of the part, and the 
more will the matters caused from the vessels deviate from the natural 
plasma which would be drawn from them in healthy nutrition ; whilst on 
the other hand, when the inflammation is less severe, its product will not 
differ so widely from the natural one, and will from the first tend to 
manifest in its development some characters corresponding to those of the 
natural formations of the part. But, secondly, the influence of the in- 
flammation, or rather of the depressed vitality of the inflamed tissues, is 
shown in the tendency to degeneration which it impresses on the locally- 
developed product ; so that, even though this may be disposed to pass-on 
under fiivourable circumstances to the complete formation of an organized 
tissue, its development is early checked, and it undergoes retrograde 
metamorphosis ; or else, from the very commencement, its development 
takes place according to a lower or degraded type. The normal product of 
the organization of either fibrinous or corpuscular lymph, is undoubtedly 
a tissue closely allied to the ordinary areolar or connective ; it is of this 
that false membranes and adhesions are formed, and that the material of 
most thickenings and indurations of parts is composed and it is by the 
production of this tissue also, that losses of substance are in the first in- 
stance repaired, and that divided surfaces are made to adhere. Various 
kinds of degeneration may subsecfuently take place in any of these pro- 
ducts, according to the stage at which the developmental process is checked ; 
and among these, in tissues which have once attained an advanced stage 
of development, the most common is the fatty. 

859. But one of the most frequent results of the inflammatory process 
is the formation of Pus : and the researches of Virchow and his school 
appear to have established that the cells which constitute so large a pro- 
portion of that fluid are not developed de novo^ as was formerly supposed, 
in the fluids exuded in inflammation, but are the products of the multi- 
plication of epithelial cells, or of the peculiar connective-tissue corpuscles, 
to which sd much attention has recently been devoted. In the former 
case the puriform fluid appears as a discharge on the surface of the 
membrane, as of the Urethra in Gonorrhoea, or of the Conjunctiva in 
Purulent Ophthalmia; in the latter it appears in the substance and 
between the ultimate textural components of the tissues themselves, and 
then constitutes an abscess. When the discharge from the surface is 
accompanied by softening and breaking 'down of the subjacent tissues, 
an plcer is produced ; but whether the disintegrating tissues are entirely 
rfejnoved by absorption (having previously undergone that degenerative 
softening which is requisite for the occurrence of this process), or 

The Author is much disposed, however, to agree with Dr. Handfield Jones, in believing 
that a chronic * fibroid degeneration,’ resulting from the substitution of a lowly-organized 
^brous UsBue for the proper texture of the part, may take place, like * tubercular degene< 
ration’ (% S60), without the occurrence of Inflammation, properly so called. See “Brit, 
and For. Med,-Ohir. Eev,,” vol xiii. pp. 843-849. 
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wheliher tihey are broken-up and dissolved in the purulent fluid, is a point 
not yet determined. The conservative nature of the flbrinous exuda^on, 
and the consequent importance of fibrin as an element of it, are well 
shown by the results of its deficiency. Thus if there be no * sao^ formed 
around a collection of pus, this fluid infiltrates through the tissues, and 
by its mere presence so impairs their nutrition, that a corresponding 
degradation takes place in the characters of the plastic material fiimished 
for their assimilation ; and hence the purulent effusion spreads without 
limit, and the tissues through which it percolates undergo rapid degene- 
ration. So, again, when gangrene is spreading by contiguity (the 
proximity of the dead tissue tending to lower the vitality, and even to 
occasion the death, of that with which it is continuous), it is only 
when an inflammatory ‘ reaction ’ occurs, or, in other words, when a 
development of fibrinous lymph takes place in the substance of the 
tissues bordering on those which have lost their vitality, that a line of 
demarcation between the dead and the living parts is formed. And 
generally it may be said, that, as the ultimate tendency of Inflammation 
is to produce the disintegration of the part, the ultimate tendency of the 
fibrinous material developed is to keep its elements together, and to 
repair the losses which have taken place, although with a very inferior 
material. — It is only, however, with the subsidence of the inflammation, 
and the return to the ordinary type of nutrition, that the highest deve- 
lopment of the lymph can take place ; and it is in proportion as this 
occurs more speedily, that the recovery of the organization proper to the 
part is more completely effected.* 

360. In persons of that peculiar constitution, which is termed ScrO’^ 
fulous or Strumous, we find an imperfectly-organizable or cacoplastic 
deposit, or even an altogether aplastic product, known by the designation 
of Tubercular matter, frequently taking the place of the normal elen^ents 
of tissue ; both in the ordinary process of Nutrition, and still more when 
Inflammation is set-up. From an examination of the Blood of tuber- 
culous subjects, it appears that although the bulk of the coagulum ob- 
tained by stirring or beating it is usually greater than that of healthy 
blood, yet this coagulum is not composed of weU-elaborated Fibrin ; for 
it is soft and loose, and contains an unusuaUy-large number of Colourless 
corpuscles, whilst the Bed corpuscles form an abnormally-snoall propor- 
tion of it. We can understand, therefore, that such a constant deficiency 
in plasticity must affect the ordinary nutritive process ; and that there 
will be a liability to the deposit of cacoplastic products, instead of the 
normal elements of tissue, even without inflammation. Such appears to 

* Tbe Author has pleasure in referring to Mr. Paget’s “Lectures on Surgical Pathology*' 
(vol. L)» as oontaiulng, in his opinion, the best exposition of the subject of Inffammatum 
yet made public ; and in acknowledging his obligations to them for much assistance in the 
short view of it given above. — The fundament doctrines on which the Author wduld 
lay the greatest stress, however, are the same in all essential particulars with those whi^^ 
he taught in the earlier editions of this Treatise. An excellent account of the general 
phenomena and pathology of Inflammation has been written by Mr. Simon in Holmes’s 
System of Surgery,” vol. L p. i The interesting paper of Mr. lister *On tbe Barly . 
Stages of Inflammation,’ in the “ Philosophical Transactions for 1858,” will alim wdl 
repay perusaL The work of Virchow, “ Cellular Pathology,’* translated by Hr. Chanos^ ^ 
eontiuns a full account of tbe peculiar and now very geiierally<*reo^ved views of this 
author on the pathology of Tuflammation. (See dhap. viH sad zvil ) 
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be the history of the formation of Tubercles in the lungs and other organs, 
when it occurs as a kind of metamorphosis of the ordinary Nutritive 
process ; and in this manner it may proceed insidiously for a long period, 
so that a large part of the tissue of the lungs shall be replaced by tuber- 
cular deposit, without any other ostensible sign than an increasing di£i- 
cully of respiration. In the different forms of tubercular deposit, we see 
the gradation most strikingly displayed between the plastic and the 
aplastic formations. In the semi-transparent, miliary, grey, and tough 
yellow forms of Tubercle, we find traces of organization in the form of 
cells and fibres, more or less obvious ; these being sometimes almost as 
perfectly formed as those of plastic lymph, at least on the superficial part 
of the deposit, which is in immediate relation with the living structures 
around ; whilst they may be so degenerated, as scarcely to be distin- 
guishable. In no instances do such deposits ever undergo fiirther 
organization ; and therefore they must be regarded as cacoplastic. But 
in the opaque, crude, or yellow Tubercle, we do not find even these 
traces of definite structure ; for the matter of which it consists is alto- 
gether granidar, more resembling that which we find in an albuminous 
coagulum. This is entirely aplastic. Yet there is every probability, as 
Virchow has shown,* that at an early period this also consisted of, or 
contained, numerous nuclei and small uni- or multi-nucleated cells, 
developed as the result of an inflammatory process from the proliferation 
of connective-tissue corpuscles, and imdergoing fatty degeneration and 
subsequent shrivelling at a very early period. The larger the propor- 
tion of this kind of matter in a tubercular deposit, the more is it prone 
to soften; whilst the semi-organized tubercle has more tendency to con- 
traction . — Thus it may now be held as established with certainty that 
Tubercular matter is always, even in its most amorphous state, a pro- 
duct of ceU-formation ; and that the difference between the amount of 
organization which its several forms present, is due rather to a variation 
in the degree of its subsequent degeneration, than to an original diversity 
in histological condition.^ 

361. But although Tubercular matter may be slowly and insidiously 
deposited, by a kind of degradation of the ordinary Nutritive process, yet 
it cannot be doubted that Infiammation has a great tendency to favotir 
it ; so that a larger quantity may be produced in the lungs, after a Pneu- 
monia has existed for a day or two, than it would have required years to 
generate in tbe previous mode. But the character of the deposit still 
remains the same ; and its relation to the plastic element of the blood is 
shown by the interesting fact, of no unfrequent occurrence, — ^that, in a 
Pneumonia affecting a tuberculous subject, plastic lymph is often thrown 
out in one part, whilst tubercular matter is deposited in another. Now 
Inflammation, producing a rapid deposition of tubercular matter, is pecu- 
liarly liable to arise in organs which have been previously affected with 
chronic tubercular deposits by an impairment of the process of textural 
Nutrition ; for these deposits, acting like foreign bodies, may of them- 
selves become sources of irritation ; and the perversion of the structure 

* Loc. eit, p, 476. 

t See Mr. Paget in l^e ** Patholo|^cal Catalogue of the Hunterian Museum,” voL L 
p, 1S4; also Pr. Madden’s “ Thoughts on Pulmonary Consamption.” 
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and functions of the part renders it peculiarly suso^blo of the influence 
of external morbific causes. 

362. We frequently meet with abnormal growths of a Fatty, Cartila- 
ginous, Fibrous, or even BOny structure ; which result from the deve- 
lopment of these tissues in unusual situations, and appear to originate in 
some perverted action of the parts themselves (§§ 337, 358 note ). — But 
there is another remarkable form of disordered Nutrition, which is con- 
cerned in producing what have been termed heterologous growths ; that 
is, masses of tissue that differ in character from any which is normally 
present in the body. Most of these are included under the general 
designation of Cancerous or Fungous structures ; and it has been shown 
by Muller and succeeding inquirers, that the new growth counts of a 
mass of cells ; which, like the Vegetable Fungi, develops themselves with 
great rapidity; and which destroy the surrounding tissues by their 
pressure, as well as by abstracting from the Blood the nourishment which 
was destined for them. These parasitic masses have a completely inde- 
pendent power of growth and reproduction ; and some kinds of them can 
be propagated by inoculation, which conveys into the tissues of the 
animal operated-on, the germs of the peculiar cells that constitute the 
morbid growth, these soon developing themselves into a new mass. So 
it may be by the diffusion of the germs produced in one part, through 
the whole fabric, by means of the circulating current, that the tendency 
to re-appearance (which is one great feature in the malignant character 
of these diseases) is occasioned. But it would seem more probable, that 
this character rather depends upon the presence of a morbid matter in 
the blood, of which the formation of the Cancerous tissue is only the 
manifestation (§312 note) ; the local disease thus being the consequence 
of a constitutional cachexia, rather than the constitutional affection the 
result of the local disease.* 


CHAPTER IX. 

OF SECRETION AND EXCRETION. 

1. Of Secretion in General . 

363. The literal meaning of the term Secretion is separation^ and this 
is nearly its true acceptation in Physiology. But the ordinary processes 
of Nutrition involve a separation of certain of the components of the 
Blood, which are withdrawn from it by the appropriating power of the 
solid textures ; and every such removal may be considered in the light of 
an act of excretion^ so far as the blood and the rest of the organism are 
concerned (§ 199). Moreover, the separation of certain matters from the 
blood in a fluid state, either for the purpose of being cast-finrth from the 

* See Dr. Walsbe on ** The Nature and Treatment of Cancer;*’ ICr. Simon’s 
Pathology,” Leot. viii. ; and Mr. Paget’s ’^Leotnres on Snri^lcal Pathology,*’ red. fl. 

Leot. xir. 
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body, or of being emplojred for some special purpose within it, which 
constitutes what is ordinarily known as Secretion, is effected by an 
instrumentality of the same nature with that whose operation constitutes 
an essential part of the nutritive process ; namely, the production and 
subsequent agency of cells. Hence there is no other ffmdamental dif- 
ference between the two processes, than such as arises out of the diverse 
destinations of the separated matters, and from the anatomical arrange- 
ments which respectively minister to these. For the products of the 
Secreting action are all poured-forth, either upon the external surface of 
the body, or upon the lining of some of the cavities which communicate 
with it; and the cells by which they are separated from the blood, usually 
stand in the relation of epithelium-cells to those prolongations of the 
skin or of mucous membranes, that form the follicles or extended tubuli 
of which the Glandular organs are for the most part composed (Figs. 74, 
81). The act of Secretion appears to consist, in some cases, in the suc- 
cessive production and exuviation of the cells which minister to it, these 
cells giving-up, by rupture or deliquescence, the substances which they 
have eliminated from the blood ; such, for example, appears to be the 
mode of separation of the Sebaceous secretion of the skin, of the Mucous 
secretion of mucous membranes, of the secretion of Milk, and perhaps 
also of the Biliary secretion. On the other hand, there can be little 
question that those more liquid secretions, in which there is either very 
little solid matter (as is the case with the Cutaneous transpiration and 
the Lachrymal fluid), or in which the solids, though in larger amount, 
are in a state of such perfect solution as to be capable of easy transuda- 
tion (as is the case with the Urine), are not formed in this mode ; since 
neither are exuviated cells normally found in the secreted fluids, nor do 
the epithelial cells lining the glandular tubes or follicles present indica- 
tions of being in a state of continual change. Still, even in these cases, 
it seems fair to conclude that the selective powers of the gland-cells are 
employed in drawing from the blood, on one side, the special products 
which are to be set-free by transudation on the other. Each group of 
cells is thus adapted to separate a product of some particular kind, which 
constitutes its special •pabulum ; and the rate of its production seems to 
depend, cceteris paribus, upon the amount of that pabulum supplied by 
tfie circulating fluid. The substances at the expense of which the secret- 
ing cells grow, however, may not be precisely those which are subse- 
quently cast-forth ; for it is very probable that some of them, at least, 
undergo a certain degree of chemical transformation by the agency of 
these cells; the characteristic materials of the several secretions not being 
always found to pre-exist as such in the blood. 

864. A distinction may be drawn as regards this point, between those 
Excretions, the retention of whose materials in the Blood would be 
positively injurious, and those Secretions, which are destined for particular 
purposes within the ^stem, and the suspension of which has no immediate 
influence on any other ftmctions than those for which they are respectively 
destined. The solid matter dissolved in the fluids of the latter class, is 
little else than a portion of the nutritive constituents of the Blood; either 
so little altered as still to retain its nutritive character, as is ^e case 
with the casein of Milk, and with the albuminous constituent of the 
Serous fluid ef areolar tds^e and of serous and synovial membranes ; or 
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in a state of incipient retrograde metamorphosis, as seems to be the ease 
with the peculiar ‘ferments* of the salivary, gastric, pandl^eatic, and 
intestinal secretions. On the other hand, the characteristic ingredients 
of the Excretions are very different in character from the normal elements 
of the blood. They are all of them completely unorganizable ; and they 
possess, for the most part, a simple atomic constitution. Some of them 
also, have a tendency to assiime a crystalline form; which, as Dr. Prout 
justly remarked, indicates their unfitness to enter into the composition of 
organized tissues. With regard to some of the chief of these, there is 
sufficient evidence of their existence, in small quantity, in the circulating 
Blood ; but it is also clear that they exist there as products of decom- 
position, and that they are destined to be separated from it as speedily as 
possible. If their separation be prevented, they accumulate, and commu- 
nicate to the circulating fluid a positively deleterious character. Of this, 
we have already seen a striking example in the case of Asphyxia (§ 299 ); 
and the history of the other two principal excretions, the Bile and Urine, 
will fiirnish evidence to the same effect. — As a general fact, then, it may 
be affirmed, that the materials of the proper Excretions pre-exist in the 
Blood, in a state nearly resembling that in which they are thrown-off by 
the secreting organs; and that, as their presence there is the result of the 
destructive changes that have taken place in the system, they cannot be 
retained in it without injury : but that the materials of those Secretions 
which are destined to perform some particular function within the 
economy, are derived fi*om the nutritive substances which are appro- 
priated to its general purposes. 

865 . Notwithstandmg that, under ordinary circumstances, the several 
parts of the Excretory apparatus are limited, each to its own special 
function, we find that there are certain complementary relations between 
them, which make the action of one vicarious to a certain extent with 
that of another. Such a relation seems to exist, for instance, between 
the Lungs on one side, and the Liver and Intestinal glandulse on the 
other; for, the more active the respiration, the less bile is secreted; 
whilst, if the respiration be lowered in amount by inactivity of body 
and a high external temperature, a larger proportion of unoxidized or 
imperfectly-oxidized excrementitious matters accumulates in the blood, 
giving rise to that augmented production both of the biliary and of the 
faecal excretions, which constitutes diarrhoea.* And thus, on the other 
hand, when the liver is not adequately effecting the depuration of the 
blood from the constituents of bile, an augmentation of the respiration 
by active exercise in a low temperature gives most effectual relief. — Still 
more obviously vicarious, however, are 3ie Kidneys and the Skin ; for 
here we find that not only do the kidneys allow the transudation of what- 
ever superfluous water may remain in the circulating current, after a 
sufficient amount has been exhaled from the skin to keep-down the 
temperature of the body to its normal standard, but the ^n actualljjr 
assists in the elimination of one of those products of the metamorphosis 
of the azotized tissues, the removal of which has been until recently ^ond- 

* Such is probably tbe occasion of the ‘ bilious attacks* and * antnmnal Solera* so 
prevalent at the close of the summer ; the subjects of these being most oomxnonly pexsons 
who have not reduced their consumption of food during the^wann season, in aooordanoe 
wiffi ffie diminished demand for the production of heat within the body* 
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^sred as the special ftmction of the kidney. Consequently, whenever 
iiie due action of the skin as an excreting organ is int^ered-with, 
It is the kidney especially that will be called-on to take its place ; whilst, 
on the other lind, if it be thought desirable to relieve the kidney, this 
may be most effectually done by stimulating the skin to increased excretory 
activity, — This vicariousness of function among the Excretory organs 
presents itself fer more remarkably, however, in certain states of dise^ ; 
in which a complete ^metastasis of secretion’ may exhibit itself. The capa- 
bility of one organ thus to take upon itself the special action of another, 
appears to be related to the ‘community of fonction’ existing in the 
secretory surface among those lower animals, which manifest none of the 
‘ specialization’ or setting-apart for particular offices, that we see in the 
higher ; for it seems to be a general law in Physiology, that, even where 
the different functions are most highly specialized, the general structure 
retains, more or less, that primitive community of action which charac- 
terized it in the lowest grade of development.* 

366. It is in regard to the Urinary excretion, that the evidence on 
this point is most complete ; for it seems to be established by a great 
mass of observations, tiiat urine, or a fluid presenting its essential cha- 
racters, may pass-off by the mucous membrane of the intestinal canal, by 
the salivary, lachrymal, and mammary glands, by the testes, by the ears, 
nose, and navel, by parts of the ordinary cutaneous surface, and even by 
serous membranes, such as the arachnoid tunic lining the ventricles of the 
brain, the pleura, and the peritoneum. A considerable number of such 
cases was collected by Haller :*|' many more were brought- together by 
Nysten;! more recently Burdach has furnished a fiiU summary of the 
most important phenomena of the kind ; § and Dr. Laycock has compiled 
a valuable collection of cases of urinary metastasis occurring as compli- 
cations of hysteria. II The following table of cases referred-to by the 
last of these authors, will give some idea of the relative frequency of the 
different forms of this curious affection : — 


Vomit. 

Stool. 

Ears. 

Eyes. 

Saliva. 

Nose. 

Mamnue. 

Navel. 

Skin. 

Total. 

84 

20 

4 

4 

5 

8 

4 

84 

17 

126 


It is to be borne in mind, however, that cases of hysterical ischuria are 
frequently complicated with that strange moral perversion, which leads 
to the most persevering and ingenious attempts at deceit ; and there can 
be little doubt that a good many of the instances on record, especially of 
urinous vomiting, are by no means veritable examples of metastasis. — The 
proofe of the fact we are seeking to establish are, therefore, much more 
satisfactory when drawn from experiments upon animals, or from patho- 
logical observations, about which, from their very nature, there can be no 
mistake. Thus Mayer1[ found that when the two kidneys were extirpated 

* See “Princ. of Comp. Phya.,” §§ 110, 428. 

t ** Blementa Phyaiologim,’* tom. ii. p. 870. 

4: “ Beoberohes de Phyaiologie et de Cbimie pathologiques,** p. 265. 

i “ de Phyaiologie** (Jourdan’s Tnuudation}, vol. Tiii, p. 248 et 

ii “Bdinb. Med. and Stug. Joam.,” 1838; and “Nervous Diaeasea of Women,** 
p. 288* 

H “Zeitacbrift fhr Physiologies** tom. ii, p. 270, 
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in the guinea-pig, the cavities of the peritoneum and the pleura, the 
ventricles of the brain, the stomach, and the intesdnal canal, contained a 
brownish liquid having the odour of urine ; that the tears exhaled the 
same odour ; that the gall-bladder contained a brownish liquid not re- 
sembling bile ; and that the testes, the epididymis, the vasa deferentia, 
and the vesiculse seminales, were gorged with a liquid perfectly siTnil a r to 
urine. Chirac and Helvetius are quoted by Haller as having tied the 
renal arteries in dogs, and having then remarked that a urinous duid was 
passed-off from the stomach by vomiting. A remarkable case is quoted 
by Nysten from Zeviani, in which a yoimg woman having received an 
incised wound on the external genitals, which would not heal, the urine 
gradually became more scanty, until none could be passed even with the 
assistance of the catheter ; at last dropsy supervened, with sweats of a 
urinous odour, and vomiting of a urinous fluid, which continued daily for 
thirty-three years : on post-mortem examination, the kidneys were found 
disorganized, the right ureter entirely obliterated and the left nearly so, 
and the bladder contracted to the size of a pigeon’s egg. — In some other 
instances, the urine appears to have been secreted, and then re-absorbed 
in consequence of some obstruction to its exit through the urinary pas- 
sages. Thus Nysten quotes a case from Wrisberg, in which, the urethra 
having been partially obstructed for ten years by an enlarged prostate, 
the bladder was so distended as to contain ten poimds of urine ; and the 
serosity of the pericardium and of the ventricles of the brain exhaled a 
urinous odour. He cites other instances, in which the presence of calculi 
in the bladder prevented the due discharge of the secretion ; and in which 
a urinous liquid was ejected from the stomach by vomiting, or was dis- 
charged by stool. A still more remarkable case is recorded, of a girl 
born without either anus or external genitals, who nevertheless remained 
in good health to the age of fifteen years, passing her urine from the 
nipples, and getting rid of faecal matters by vomiting. — There are cases, 
moreover, in which it would seem that the mucous lining of the urinary 
bladder must have had a special power of secreting urine ; the usual dis- 
charge having taken place to the end of life, when, as appeared by post- 
mortem examination, the kidneys were so completely disorganized that 
they could not have furnished it, or had been prevented by original 
malformation, or by ligature of the urethra, from discharging it into the 
bladder. A considerable number of these have been collected by Bur- 
dach.* In all the older statements of this kind, there is a deficiency of 
evidence that the fluids were really urinous, urea not having been ob- 
tained from them by chemical analysis, and the smell having been chiefly 
relied-on. The urinous odour, however, when distinct, is probably nearly 
as good an indication of the presence of the most characteristic con- 
stituent of human urine, as is the appearance of the urea in its separated 
form. The passage of a urinous fluid from the skin has been frequently 
observed in cases in which the renal secretion was scanty ; and the critic^ 
sweats, by which attacks of gout sometimes terminate, contain urates 
and phosphates in such abimdance as to form a powdery deposit on the 
surface. 

367. The metastasis of the Biliary secretion is familiar to every prac- 

* Zeitsohrift fUr Physii^o^** tom. ii pp. 25^ 254. 
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titicmst, as bemg the change on which jaundice is dependent. It is not, 
however, in every case of yellowish-brown discoloration of the tissues, 
that we are to impute such discoloration to the presence of biliary matter; 
and we can only safely do so, when we have at the same time evidence of 
concurrent obstruction of the biliary apparatus. The urinary apparatus 
then affords the principal channel through which the biliary matter 
is eliminated ; the urine becomes tinged with the colouring principle of 
bile, being sometimes of a yellowish or orange hue, and sometimes of a 
brown colour with a considerable sediment ; and the presence of the most 
characteristic constituents of the bile has been determined in the urine. 
The same result presents itself, when the biliary duct has been artificially 
obstructed by li^ture. Other secretions have been found tinged with 
the colouring matter of bile ; thus the pancreatic fluid has been seen of a 
yellow colour in jaundice ; and the milk has presented not merely the 
hue, but the characteristic bitterness, of the biliary secretion. The 
cutaneous transpiration is not unfirequently so much impregnated with 
biliary matter, as to communicate its tinge to the linen covering the 
skin ; and even the sputa of patients affected with bilious fevers have 
been observed to be similarly coloured, and have been found to contain 
biliary matter. The secretions of serous membranes, also, have been fre- 
quently seen to present the characteristic hue of bile ; and biliary matter 
has been detected, by analysis, in the fluid of the pleural and peritoneal 
cavities. Biliary matter, however, when imduly present in the circulating 
current, is not removed from it by the secreting organs alone ; for it 
eeems to be withdrawn also in the ordinary operations of nutrition, enter- 
ing into combination with the solid tissues. Thus, in persons affected 
with jaundice, we find the skin, the mucous and serous membranes, the 
lymphatic glands, the brain, the fibrous tissues, the cartilages, the bones 
and teeth, and even the hair, penetrated with the colouring matter of the 
bile, which they must have withdrawn! from the blood, and which seems 
to have a particular affinity for the gelatinous tissues. It is impossible 
at present to say, however, to what extent the more characteristic ingre- 
dients of the bile are thus withdrawn from the blood ; for the presence of 
its colouring matter cannot by any means be taken as an indication, that 
its peculiar resinoid acids are also incorporated with the normal compo- 
nents of the tissues. 


2. The Liver. — Secretion oj Bile. 

368. The Liver is probably more constantly present, under some form 
or other, throughout the entire Animal series, than any other gland. Its 
form and condition vary so greatly, however, in different tribes, that, 
wdthout a knowledge of its essential structure, we should be disposed to 
question whether any identity of character exists among the several 
organs which are regarded as Hepatic. It is, in fact, the presence of bile- 
secreting cells, that must be held to constitute a Liver ; and these may 
be scattered over the general fining membrane of the ^mentary canal, 
or may be restricted wdthin follicles which are formed by depressions of 
it ; these folHcles, s^in, may be multiplied in some particular spot, so as 
to be aggregated into a mass, or may be extended into long tubes. In 
all the Invertebrata, however, the Liver is obviously conformable to the 
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general type of glandtilar Btaructores ; the hepatic oella Imng in immediate 
relation with a baaement-membrane, and being dieohaiged upon a free 
siir&,ce. This will be readily understood firom an examination of any 
one of the higher forms of it, such as that presented in the liver of the 
Crab, which, like the liver of the MoUusca generally, is a lobulated glan- 
dular mass, formed by the aggregation of a multitude of follicles with 
distinct caecal terminations; these foUicles discharging their secreted 
products into cavities which occupy the centre of the lobules, whence 
they are collected by the ducts which convey them into the alimentary 
canal. On a careful examination of these follicles (Fig. 74), and a com- 
parison of the size and contents of the cells 
at the bottom and towards the outlet, it be- Fig. 74, 

comes evident that the cells originate in the 
former situation, and gradually increase in 
size as they advance towards the latter. It 
is also to be observed that the cells which lie 
deepest in the cascum (a, i), contain for the 

most part the yellow granular matter, which ’ 

may be regarded as the proper biliary secre- * 

tion ; but as they increase in size, there is also A / 

an increase in the quantity of oil-globules 

which they contain (c), imtil past the middle .* 

of the follicle, where they are found full of 

oil, so as to have the appearance of ordinary 

fat-cells (dj e). From this it happens, that 

when an entire ceecum is examined micro- 

scopicaUy, its lower half appears hlled with a 

finely-granular matter, intermingled with nu- 

cleated particles ; and the upper half with a ^ 

mass of fat-cells, whose nuclei are obscured by 

the oily particles.* — In Vertebrated animals, ^ 

the Liver seems to be constructed upon a simi- 

lar plan. Its component cells are still contained 

in distinct cajcal follicles or elongated tubuli d).: 
branching-off from the excretory ducts ; but in 
ascending through the Vertebrated series, it 

presents a more and more solid parenchyma- fled, showlnff the progress of deve- 
tons texture, which strikingly contrasts with iKitod extro.Si^'KoathS 
its loosely-lobulated racemose aspect in even thefomciejBpecimenaofth^, in 
the highest Invertebrata. This character ^ 

is very obvious in the liver of Man, which 

is peculiarly firm and compact, and has less of connective tissue 
between its different parts than is found in that of many other Mam- 
malia. — It is observable, moreover, in the Human liver, that certain 
portions are rudimentary, which are elsewhere fully developed. Thus 
in the Carnivora and Rodentia, which present the most complex form of 
liver that we meet- with among Mammalia, there are five distinct parts ; 
namely, a * central’ or princij^ lobe, and a right and left ‘ lateral* lobe, 
each with its ‘ lobular appendage.’ The whole mass of the liver of Man, 

* See Dr. Leidy’s ‘Eesearches into the Comparative Stroctureof the liver,’ in Amer. 
Jonm. of Med. Jan. 1848. 




One of the Hepatic cseca of Aator 
cus affinia fCray-flah), highly magni ■ 
fled, showing the progress of deve- 
lopment of the secreting cells from 
the blind extremity to the mouth of 
the follicle; specimens of these, in 
their successive stages, are shown 
separately at a, c, d, s. 
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wld<di ve are aocastomed to describe as consisting of a and ^ left* 

iobCi does in reality form but one (there being no real division between 
its two portions), which must be regarded as the ‘central’ lobe; the 
‘lobulus Spigelii’ is the rudiment of a right ‘lateral* lobe, and the 
‘ lobulus caudatus’ is its ‘lobular appendage ;* but the left ‘ lateral’ lobe, 
with its ‘ lobular appendage,’ is altogether undeveloped.* 

869. When the Liver is closely examined with the naked eye, it is 
seen to be made-up of a great number of small granular bodies, about 
the size of millet-seeds, of an irregular form, and presenting a number of 
rounded projecting processes upon their surfaces. These are commonly 
termed lobules^ although by some Anatomists they are spoken-of as acini. ^ 
When divided longitudinily, they have a somewhat foliated appearance 

(Fig. 75), arising from the distribu- 
tion of the Hepatic Vein, which 
passes into the centre of each divi- 
sion. When transversely divided, 
the lobules are usually found to 
present somewhat of a pentagonal 
or a hexagonal shape, the angles 
being slightly rounded, so as to form 
a series of passages or interlobular 
spaces : in these lie the branches 
of the Vena Portae (as well as of 
the Hepatic Artery and Duct), 
from which are derived the 
plexuses that enter the lobules. 
The exterior of each lobule is co- 
vered by a process of the ‘ capsule 
of Glisson,’which is very dense in the Pig and other animals, but is so thin 
as to be almost undistinguishable in the Human liver ; the interspaces 
between the vessels are filled by the ultimate terminations of the Hepatic 
biliary ducts, which contain large secreting cells. J The structure of each 
lobule, then, gives us the essential characters of the whole gland. 

370. The Vena Portce^ which is formed by the convergence of the veins 
that return the blood from the chylopoietic viscera, probably also receives 
the blood which is conveyed to the hver for the purposes of nutrition by 
the Hepatic Artery. Like an artery, it gradually subdivides into 
smaller and yet smaller branches ; and at last it forms a plexus of vessels, 
which lie in the interlobular spaces, and spread with the freest inoscula- 
tion throughout the entire Liver. To these vessels, the name of inter- 
lobular Veins was given by Mr. Kieman.§ They ramify in the capsules 

* For a general riew of the Comparative Structure of the Liver in different classes of 
animalB, see **Frmc. of Comp. Fhys.,’* §§ 405-411. 

*t* The of Malpighi are the minute bodies of various forms and yellowish colour, 
which are seen when any individual lobule is examined with the microscope ; these are 
nothing else, however, than tiie irregular islets of parenchyma, left between the meshes 
of the {dexns formed by the ultimate ramifications of the portal vein. 

t Sm Prof. Beale’s Faper ‘ On the Ultimate Arrangement of the Biliary Duots,* in 
“FhiL Trans.,*’ 1856, and Todd and Bowman’s ^^Fhysiolog. Anat.,” p. 459, vol. ii. 
1859. 

I See his admirable Memoir ‘ On the Anatomy and Physiology of the Liver,* in the 
“ Philosophic Transaetions,** 1888. 


Fig. 75. 



Coxmeotlou of the L6bule$ qfihe Liver with the 
Hepatio Vein;— a, trunk of the vein; 6, b, lobules 
depending from its branches, like leaves on a tree; 
the centre of each being occupied by a venous twig, 
the Intralobular Vein. 
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of the lobules, covering with their ramifications the whole external sur&ce 
of these ; and then enter their substance. Whm they enter the lobules, 
they are termed lobular veins; and the plexus formed by their conver- 
gence firom the circumference 

of each lobule towards its Pis. 76. 

centre (where their ulti- b 

mate ramifications terminate ^ b 

in those of the intralobular 
or hepatic vein), is designated 
as the lobular venous plexus. 

— The Hepatic Artery sends 
branches to every part of the 
Liver, supplying the walls of 
the portal and hepatic veins, 
and of the hepatic ducts, as 
well as Glisson’s capsule. The 
principal distribution of its 
branches, however, is to the 
lobules ; which they reach, in 
the same manner with the 
portal vessels and biliary 
ducts, by spreading them- 
selves through the inter- 
lobular spaces. There they 
ramify upon the interlobu- 
lar ducts, and upon the capsular surface of the lobules, which they 
then penetrate ; terminating for the most part in the portal venous 
plexus, though a very few small branches may be traced into the 
Hepatic plexus of capillaries. The whole of the blood, therefore, of 
the Hepatic Artery passes through the lobuli, and is subservient to 



Horizontal seotion of three snperflcial Lobules, showing 
the two principal systems of Btood-ve$»eU ; — a, a, Misfm- 
lobuiar veins, terminating in the Hepatic veins ; 6, inter- 

lobular plexus, formed by branches of the Portal vein. 


Fia. 77. 



Section of a small portion of the Lh&r of a Babbitt with the Hepatio or intmlobalar 
veins ix^}eoted* 

the secretion of Bile. — ^It now only remains to deacribo the MtpctUc 
Veins, the branches of which occupy the interior of tie- lobulea, and 
are termed tnfralobular veins (Fig. 76, a, a, Fig. 77). On making 
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a transyerse section of a lobule, it is seen that the central yessel is formed 
by the conyergenoe of numerous minute yenules, which arise from the 
plexus upon the sur&ce^of the lobule. The intralobular veins terminate 
in the larger trunks, which pass along the bases of the lobules, collecting 
from them their venous blood ; these are called by Mr. Kieman sub- 
lobular veins. The main trunk of the Hepatic Vein terminates in the 
ascending Vena Cava, 

871. The He/patio Duct forms, by its subdivision and ramification, an 
interlobular plexus very like that of the portal vein ; the branches rami- 
fying upon the capsular surfrce of the lobules, and ultimately penetrating 
into their interior. At the point where the interlobular ducts become 
continuous with the cell-containing network within the lobules, their 
diameter is very small, not exceeding l-4000th to l-5000th of an inch ; 
and here the epithelium, which in the larger ducts is columnar, passing 
in the smaller ducts into the tesselated variety, suddenly becomes sphe- 
roidal, or assumes the form of the true secreting cell. The tubes, of the 
diameter of l-80th of an inch and larger, present many little saccular 
dilatations of the coats, the openings of which, according to Dr. Beale, 
are regularly arranged in two rows or lines on opposite sides of the ducts; 
and besides these are numerous small, irregular, and anastomosing canals, 
which run obliquely in the coats of the ducts, and ultimately open into 
their cavities. These tubes and C 80 ca may be regarded as accessory gall- 
bladders, in which the Bile, secreted and stored-up, comes into intimate 
relation with a fine plexus of capillaries, and may perhaps imdergo further 
elaboration. 

Fig. 78.* PiQ. 79.+ 



* Transyersd section otdk Lobule of the Human Liver, showing the reticular arrangement 
of its parenchyma, with some of the branches of the Hepatic Vemin the centre, and those of 
the Portal Vein at the periphery. 

t A small portion of this section more highly magnified, showing the columns of secreting 
cells of which the parenchyma is composed. 

872. The substance of each lobule may be considered as a close network 
of hepatic tubes (Figs. 78, 79); the interspaces of which are so completely 
occupied by the vascular network already described, that, when the latter 
is fully injected, no vacuities are seen. The meshes of the parenchy- 
matous network have a more rounded form towards the margin of the 
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lobule, whilst in the centre they are disposed more radially ; so lhat in a 
section cutting the intralobular vein transversely, long biaxuming colunms 
of hepatic c^ are seen 

stretching from the latter a Pia. 80. b 


on all sides, and uniting 
by short lateral anasto- 
moses (as in Fig. 79), 
BO that the intermediate 
meshes appear like narrow 
elongated clefts. These 
columns (Fig. 80, a) 
usually consist of from 
three to five rows of cells, 
and are almost always to 
be found among scraped- 
off particles of the liver. 

873. The biliary cells 
of the Human liver (Fig. 
80, b) are usually of a 
flattened spheroidal form, 
and from 1 -500th to 
l-2000th of an inch in 



A, portion of a Sepatio Cohmn^ fh>m Human liver, showing 
Its component secretmff cells b, secreting cells detached, 

In their normal state, h, a ceil more highly magnified, showmg 
the nucleus and distmct oil-particles, c, in various stages of 
fatty degeneration. 


diameter. Each of them 


presents a distinct nucleus; and the cavity of the cell is occupied 
by yellow amorphous biliary matter, usually having one or two large 
adipose globules, or five or six small ones, intermingled with it 
(a, h). The size and number of these, however, vary considerably, 
according to the nature of the food, the amount of exercise recently 
taken, and other circumstances. If an animal be very fat or be weU fed, 
especially with farinaceous or oleaginous substances, the proportion of 
adipose particles (c) is much greater than in an animal moderately fed 
and taking much exercise. The size of the oil-globules varies from that 
of mere points, scarcely distinguishable from the granular contents of the 
cells except by their intense blackness, up to one-fourth of the diameter 
of the cell. A still greater accumulation of adipose particles in the 
biliary cells, gives rise, as was first pointed-out by Mr. Bowman,* 
to the peculiar condition termed ‘fatty liver.’ The finely-granular 
matter is the portion from which the colour of the cell is derived ; it 
seems to fill the space not occupied by the oil-globules ; and it often 
obscures the nucleus, so that the latter cannot be distinguished until 
acetic acid is added, which makes the granular matter more transparent 
without affecting the nucleus. — The Liver, therefore, belongs to the class 
of ramified tubular glands ; and the materials of the biliary secretion 
formed from the blood by the cells lining the intralobular extremities of 
the ducts are discharged into the interior of these canals either by exuda- 
tion or by the deliquescence of the cells themselves. Teichmannf has traced 
the lymphatics r unni ng with the portal venous branches and the biliary 
ducts to form a plexus with large, irregular meshes on the outside of the 
lobuli, and he believes he has even injected minute branches passmg up 


* “Medical Gazette,” Jan. 1842. 


t “Sangader System ” p. 84, Leipzig, 1861. 
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■ centre ivith tihe Vena intraiobxdaris of the Hepatic Veins. There 
ia ako a single layer of lymphatics on the peritoneal surfece of the Liver, 
lying in the Bubserons areolar tissue. The nerves of the Liver have been 
carefully examined by Dr. Robert Lee,* and shown to be chiefly con- 
nected with the semilunar ganglion and sympathetic plexus surrounding 
^the root of the hepatic artery, the minutest branches of which they 
accompany. 

874. The first and most obvious flmction performed by the Liver is 
the segre tion of Bile . For this the arrangement of the cells and ducts 
appears toTBe^pnSnoarily designed ;■ and by their means a considerable 
quantity of material rich in carbon and hydrogen is, temporarily at least, 
eliminated from the blood, whilst at the same time a liquid is provided, 
the utility of which in promoting the absorption of food has been already 
sufliciently considered (§ 96). But the large size of this organ in com- 
parison with the amount of secretion poured into the alimentary canal 5 
its constant presence in almost all classes of animals, how various soever 
the nature of their food may be ; its manifest activity in the foetus before 
the ingestion of any food has taken place ; the large supply of blood which 
it receives from different sources, as well as the peculiar relations which 
it holds to the blood returning from the placenta in the foetus, and from 
the abdominal viscera in the adult — are all circumstances suggesting that 
other functions than the secretion of the Bile are here performed ; and 
from the results of comparatively recent research, it may now be con- 
sidered as fairly established, that it exerts an a ssimilatiy e or elaborating 
action on the freshly-absorbed materials of our food, and^peciallyupon the 
albuminous and saccharine constituents, whereby they become more fitted 
^r tE<rbutrition ^flfeTiddy ; and that in the course of these assimilative 
changes, the activity of which is indicated by the high temperature of 
the organ, and perhaps as a consequence of them, a material analogous to 
sugar is formed, whose ultimate destination is still undetermined, but 
'^?^cEl 7 there is strong reason for believing, either directly or mdirectly 
combines with oxygen, and thus becomes subservient to the maintenance 
of animal heat. The production of this substance is termed Glycogeny, 
and will be considered after the characters and mode of formation of the 
Bile have been discussed. The following are analyses of the Bile con- 
tained in the human Gall-bladder, by Frerichs and v. Gorup-Besanez — 


In 1000 parts. 

FBEBIOHS. 

T. OOBUP'BESANSZ. 

I. 

Man et. 
18, killed 
by a &11. 

II. 

Man wt 
22, killed 
by injury. 

I. 

Man8et.49, 

criminal 

beheaded. 

n. 

Woman tet. 
20,criininal 
beheaded. 

III. 

Man let. 
68, killed 
by a £^. 

IT. 

Boyiet. 12, 
killed by 
an inJory. 

Water 

Solid residue . . . 


869-2'^ 

140-8 

822-7 

177-8 

898-1 

101-9 

908-7 

91-8 

828-1 

171-9 

Biliary adds in com- 
Innationwith alkalies 

Fat 

Oholesterin . . « 

Mucus and colouring 

matter 

Batts 

72-2 

8-2 

1*6 

26*6 

6 5 

91-4 

9-2 

2-6 

29-8 

7*7 

107-9 

! 

22-1 

10-8 

66-6 

1 80-9 

14-5 

6-8 

1 78-7 
17-8 

148-0 

28*9 


♦ ** Frooeediiigs of Eojal Society,** voL zii. p. 246. f Phys. Chem.,’* 1862, p. 469. 
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Bile is a viscid, neutral or fedbly-alkaline, somewliat oily^-looking liquid, 
of a greenish-yellow colour, and very bitter taste, followed by a sweetidi 
after-taste. It is readily miscible with water, and its solution froths like 
one of soap. Its specific gravity in the human subject is about lOJjJ. 
The proportion of solid matter which it .contains is usually from 9 to 17 per 
cent, and nearly the whole of this consists of substances peculiar to Bile. , 
In the Biliary matter, according to the researches of Strecker (which are 
undoubtedly the most accurate and satisfrctory that have be^ hitherto 
made), the following substances may be distinguished: — Two resinous 
acids, the Glycocholic (which is the cholic of Strecker and many farmer 
authors) and the Taurocholic (which is the choleic acid of Stredcer, and 
is nearly the same with the biLin of other chemists) ; these are formed^ 
according to Lehmann, by the ‘ conjugation* of Cholic acid with glycine 
(gelatine-sugar) and taurine respectively ; and they are united in the bile 
with soda as a base. It is in the taurocholic acid that the sulphur of 
the bile presents itself, no less than 25 per cent of that element existing 
in taurine ; so that the proportion which this acid bears to the glyco- 
cholic (which differs greatly in different animals) may be estimated by 
the amount of sulphur in the mixture of the two.* Besides a variable 
quantity of the ordinary Fatty acids. Bile also contains Choleaterin^ a 
non-saponifiable crystalhne fatty substance, various products of disinte- 
gration, as Leucine, Tyrosine, ^nthin, and Hypoxanthine ; and also cer- 
tain colouring matters, Cholepyrrhin, Bilifulvine, and Biliverdine, whose 
relationship with the colouring matter of the Blood, first suggested by 
Virchow, f has been rendered still more probable by the discovery of 
Zenker J of crystals of Hfiematoidin in inspissated Bile, by the circum- 
stances that both contain iron, and by the observation of Gubler§ that 
Biliphaein and Haematin give the same play of colours with N 0^, except 
that the green colour is most persistent in the former and the violet in 
the latter. It is remarkable that, notwithstanding the comparatively- 
minute proportion in which these last substances exist in ordinary bile, 
cholesterin should usually be the principal ingredient of the biliary con- 
cretions which are frequently found in the gall-bladder and bile-ducts ; 

* The soda salts of these acids may be readily obtained by evaporating Ox bile to diy- 
nesS) treating the residue with alcohol, and adding ether to the alcoholic solution till a 
dense precipitate is permanently thrown down. After some hours the Glycocholate of 
soda crystallizes out in silky prisms and bundles, whilst the Taurocholate of soda remains 
in the form of oily drops. Both are hygrometric and very soluble in water, and the 
acids can be separated ffom one another by acetate of lead, which precipitates the 
Glycocholic but not the Taurocholic. The formula for the Cholic acid is stated to be 
0,g. In Glycocholic acid it is in combination with Glyc'ine, the formula for 
which is Cg Hj N 0^, and in Taurocholic acid with Taurine, which is represented by the 
formula H, N S, 0*. This separation of Tauro- and Glycocholic acids is, it is to 
be rememl^ed, purely artificial, and the result of the action of reagents ; and though 
there is a general resemblance in the characters of the Bile in different species of aniT|n«>l«, 
yet there are minor differences which are very distinctive. Thus Dr. Dalton states that 
he has been unable to obtain any crystals from Human bile corresponding to those of 
the Glycocholate of soda procured, as above mentioned, from Ox bile. On the oUier 
hand, the entire biliaiy ingredients of human Bile are precipitated by both or diher of 
the salts of 1^. See the excellent Section * On the Direr and its Functions,* hu Dr. 
Dalton’s “ Human Physiology,** 1861. 

*f* Archiv f. Path. Anat.** band i., 1848, p. 421. 

t ** Jahresbericht von der Gesellsoh. f. Natur and Heilkunde in Dresden,** 58. 

^ “ Gax. Mdd. de Pari%’* 1869, p. 469. 
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and that llie bile-pigment with its calcareonfebase should also occasionally 
aecmnnlate, so as to form solid masses which consist of little else. 
Strecker* * * § has recently found in the bile an energetic base which he has 
termed Choline (0^,^ Hj, NO^), and Lecithin, a substance allied to the &ts. 

875. We have now to mquire into the conditions under which the 
Secretion of Bile takes place ; and one of the most important of these, is 
the supply of Blood which the Liver receives. How far the blood sup- 
plied by the Hepatic Artery is the immediate source of the secretion has 
not been quite satisfactorily determined. Kottmeierf and KUtheJ found 
that no bile was secreted adter ligature of this vessel, and they attribute 
the result to an alteration taking place in the nutrition of the cells destined 
to form the bile. Schiff, however, was unable to detect any diminution 
in a large dog upon which he had performed the same operation. It is cer- 
tain, however, that the Hepatic artery may indirectly ftimish the supply 
of blood necessary for the secretion ; for dthough, if the Vena PortsB be 
suddenly tied, the flow of bile is immediately stopped, and death ensues 
in the course of a few hours ; yet if the obliteration be slowly effected, 
either by the gradual tightening of a ligature, § or, as occasionally happens, 
from disease, the secretion of bile still continues, though in diminished 
quantity. In such instances it probably proceeds from the blood of the 
hepatic artery, the capillaries of which discharge themselves into the 
lobular plexus of veins, and in cases of malformation have been actually 
observed to pass into the ramifications of the umbilical vein, forming 
a plexus in the lobules that exactly resembled the ordinary portal plexus. || 
It may also sometimes be due to the presence of the accessory Ven» 
Portarum, which have been noticed by Sappey.^ According to Bernard,** 
the engorgement of the Vena Portss consequent upon its slow obliteration, 
is relieved by the presence of small anastomotic branches with the Kenal 
Vein, corresponding to the Venous system of Jacobson, found in the lower 
Vertebrate classes. ff — The fact that the secretion of Bile is normally 
formed, in great part at least, from venous blood, has been commonly 
connected with the hydrocarbonaceous nature of its chief components, 
which must exist (it is considered) in larger proportion in such blood 
than in that of the arteries. But it must be borne in mind, that the 
urinary excretion, which is undoubtedly formed at the expense of the 
products of the disintegration of the tissues, is secreted from arterial 
blood ; and since the bile is, as it were, the complement of the urine (the 
ultimate components of the two together making-up the composition of 
blood), there seems no reason why arterial blood should not furnish its 

* P. Schiitzenberger, ‘‘Chimie appUqu4 d. la Physiologie Animale,” 1864, p. 170 
et 8€q. 

t “Zur Kenntnisa der Leber,” Wurzburg, 1857. 

t **Studien des Fhysiolog. Institut. zu Amsterdam,” 1861. 

§ Or6, “Oomptes ^udus,” 1856, p. 463. 

il Such, at least, was found to be the case, in the only instance in which the Liver 
was examined with sufficient care. See Eiernan, loc. oit. 

H « Gaz. MM.” 1859, p. 489. 

** « Le 9 on 8 sur les Liquides de POrganisme,” 1859, voL ii. p, 195. 

ft For other anastomotic branches, see Sihiffi in Schweiz. '^Zeits. f. Hmlkunde,” 
band i., 1862. 

It has been pointed-outby ProL Liebig, that if we add to half the formula represent- 
ing the ultimate oomposttion of tnUf the formula of wrote ofamnonia (which is tl^ 
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nmterialB, as abundantly (or nearly so) as venom The retdl ^Kplanation 
of the peculiar relation of the Liver to the Venous oirouktion^ is probably 
to be isttnd in the action of the organ upon the matters newly absorbed 
into the circulation from the alimentary canal. That this action is not 
only assimilative, as already shown (chap. rv. Sect. 8), but is also to a 
certain extent depurative, appears from the fact that the liver tends to 
remove from the blood, and to store-up in its own substance, certain 
foreign matters of an injurious kind, — such as copper and arsenic, — 
which have found their way into the tributaries of the portal syst^. 
This seems also to be the case with respect to pus, which, when taken-up 
from ulcers in the intestinal walls, is stopped in the liver, and not 
imfrequently gives rise to abscesses in its substance.* 

376. The chief constituents of the Bile appear to be elaborated in the 
Liver itself, and not to be preformed in the Blood; since, although the 
tests for the biliary acids are far more delicate than those employed for 
the detection of urea, no trace has been discovered of them in the blood 
of animals whose liver has been extirpated, though it might be expected 
that if, like the components of the urinary secretion, they pre-exist in 
the circulating current, and are merely eliminated from it by the action 
of the liver, they would accumulate in it when that elimination is checked 
by the removal of the secreting organ.f Biliverdine (Harley) and 
Cholesterine, however, appear to be always present in the blood, and are 
therefore probably preformed. — ^Even though the materials of the biliary 
secretion, however, should receive their complete and characteristic form 
in the liver itself, it is not less certain that they are produced at the ex- 
pense of substances of an excrementitious character, whose retention in 
the circulating current would bo injurious ; this being strikingly demon- 
strated by the disturbance of the functions generally, and especially of 
those of the Nervous system, which is consequent upon the suspension of 
the secreting process. When the suppression is complete, the powers of 
that system are speedily lowered (almost as by a narcotic poison), the 
patient suddenly becomes jaimdiced, and death rapidly supervenes. J 
When the secretion is diminished, but not suspended, the same symptoms 
present themselves in a less aggravated form. It is probable that much 
of the disorder in the fanctions of the brain, which so constantly accom- 

characteristic component of the nriae of all animals save Mammalia), the sum gives the 
proportionals of the nltimato components of dried blood or of flesh, with the addition of 
1 equiv. of oxygen and 1 equiv. of water. For : — 

^ Equiv. of Biliary matter =*380, 83H, N, 110 
1 Equiv. of Urate of Ammonia = IOC, 7H, 5N, 60 

The Sum of which = 480, 40H, 6N, 170 

And in like manner 

Formula of Blood «= 480, 39H, 6N, 150 
1 Equiv. of Water + 1 Equiv. of Oxygen = H, 20 

480, 40H, 6N, 170 

Although these formulsa can by no means be supposed to represent the process whibh. 
actually takes place, yet the coincidence is so close, as to indicate that the oomplexneatsxv 
relation spoken-of above has a real existence. 

* Dr. O. Budd's “ Treatise on Diseases of the Liver, 2nd edit, chap, ii, sect. 3^. 

+ See Frerichs’ “Clim Treat, on Dis. of the Liver,” Syd. Soc. Trans.^ tol. Lf 
1860, p. 81 et seq. 

t See Prof. Alison in ** Bdinb. Med, and Surg. Joum.,” voL xliv. ; andDt. 
oit., chap. Ui 
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pum&s desraciged action ci the digestiye Bystan, is due to the lese jsevere 
operatiou the same cause; namely^ thie partial retention wili^ the 
blood, of oertain constituents of the^ bile, which should have been eH^ted 
fk)m the circulating fluid. Such an abnormal accumulation, whi^ may 
depend either on a deficiency in the flancti6nal activity of the liver, or on 
an excess of the excrementitious matters brought to it for elimination, is 
habitual in some persons ; and it produces a degree of indisposition to 
bodily or mental exertion, which it is difficult to counteract. More, 
probably, is to be gained in such cases by the regidation of the diet, 
especially the reduction of its hydrocarbonaceous components, and by 
active exercise (which, by augmenting the respiration, will promote the 
elimination of any superfluity of this kind through the lungs), than by 
continually inciting the liver to increased functional activity, by medicines 
which have a special power of temporarily augmenting its energy. — The 
excrementitious character of the Biliary secretion is very strikingly indi- 
cated by its formation during foetal life;* which, as it can then have 
reference neither to the function of Digestion nor to that of Kespiration, 
must be regarded as having for its purpose to free the blood of matter 
which would be injurious to it. And this matter can hardly arise from 
knj other source than the ^ waste ’ of the tissues (consequent upon the 
limited duration of their existence), which takes place even when the life 
of the organism is most purely vegetative. 

877. From what components of the Blood the materials of the biliary 
secretion are immediately derived, is a question that cannot yet be 
answered with more certainty than the preceding. The close resem- 
blance in composition between the resinous acids of bile and the ordinary 
fats (especially olein), naturally suggests the idea that they are drawn 
from the fatty matters of the blood ; an opinion which was supported by 
Lehmann, on the grounds — ^first, of the diminished proportion of fat con- 
tained in the Hepatic, as compared with the Portal Venous blood ; 
secondly, of the increase in the quantity of bile observed after rich fat 
food ; and thirdly, of the emaciation which occurs in animals as a conse- 
quence of the formation of a biliary fistula, in spite of abundant supply of 
ibuminous food. It must be acknowledged, however, that there are 
various objections to this view, both physiological and chemical. Thus 
it is ^laintained by Bidder and Schmidt, that the flow of bile is not 
increased by a predominance of fat in the food, and that animals fed ex- 
clusively on fat do not secrete more bile than those entirely deprived of 
food : whilst it has been foimd by Nasse, that it is to the presence of a large 
amount of albuminous compounds in the food that any great augmentation 
in this secretion is due.f The increase of the secretion after each ordinary 
ingestion of food (§ 97), and its marked and progressive diminution in 
animals entirely deprived of aliment (as determined by MM. Bidder and 
Schmidt), seem to indicate that its materials may be directly derived in 
part from albuminous materials which do not undergo metamorphosis 
into tissue ; whilst on the other hand, there is every reason to believe, that 

* It has been shows by Simon and Frerichs, that the meconium which is contained in 
the intestinal canal at birth, is chiefly composed of aocnmulated bile ; and F. Hoppe 
has recently Virchow’s Archit,” 1 863, p. 61 9) main tai ued that the bile is not re*al^rl^d, 
but undergoes decomposltien in its course through the alimentary canal, into butyrio, 
baldrianie, capronic, and cap^Hc acids. 

f See Prof. Idhmaiin'a Phyuologisohen Cbemie,’* 2nd edit., band ii. pp. 64-66. 
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tbe prodacfdon of the oomponents of bile is a neoessaiy ^att of ^ose pi7o* 
oesseoy^ retrograde metamorphosis, b^r which the materials of the effete 
tisstejliiiJ removed from the i^stem.— In regard to the influence of the 
Nervous system on the secretion of Bile, it has been observed by Gold- 
schmidt* ^at it is considerably decreased by section of one Vagus, pro- 
viding the respirations diminish in frequency, but not otherwise ; when 
both Vagi were cut the secretion diminished to one-half, which was probably 
attributable to the embarrassment of the limgs and heart, consequent upon 
the operation, producing engorgement of the liver, a condition which, 
when produced by other causes, is also accompanied by diminution in the 
secretion of Bile ;f and this explanation is supported by the fact, that section 
or irritation of the Vagus below the Diaphragm exerts no influence on 
the amount of bile secreted. But besides the secretion of Bile, it appears 
that another purpose is fulfilled by the Liver — the production of an 
amyloid substance termed Glycogen ; and we shall now proceed to con- 
sider the chief facts which have been ascertained in reference to this so- 
called ^ Glycogenic function of the Liver.’ 

378. It had long been well known that Vegetables were capable of pro- 
ducing Starch and Sugar from the inorganic materials of their food, but the 
presence of the former as a constituent of the animal body, in the test of 
one of the Tunicata, announced by Dr. Schmidt, and corroborated by the 
observations of Lowig and Kolliker,^ was considered to be only interesting 
because it destroyed what had till then been looked upon as one of the 
most important means of distinguishing the tissues of the animal from 
those of the plant. In 1848, however, Bernard§ observed, that whilst 
the Blood of the system generally, and that of the Vena Port«e in parti- 
cular, in an animal fed exclusively on meat, appeared to be destitute of 
Sugar, a very notable quantity could be detected in the blood of the 
Hepatic Vein and right heart — that is to say, in the blood which had 
passed through the Liver. He immediately inferred that a new function, 
the formation of Sugar, was to be attributed to the Liver ; that the sugar 
so produced was thrown into the circulation, and then, by undergoing 
combustion, ministered to the maintenance of animal heat. He was sup- 
ported in this view by the authority and analyses of Lehmann, || who 
suggested that the Sugar might proceed from the decomposition of albu- 
minous compounds, since ^ere was a smaller quantity of albumen in 
Hepatic as compared with Portal Venous blood ; and there were also 
good chemical grounds for supposing that albumen might split up into 
nitrogenous compounds, represented by the conjugated biliary acids (which 
also contain the sulphur), and into non-nitrogenous compounds repre- 
sented by Starch, Glycogen, and Sugar. Bernardif himself, however, was 
disposed to consider that the Bile and Sugar were produced independently 
of one another ; first, because the formation of Sugar was most active at 
a much earlier period after food than that of Bile ; and secondly, because 
in one of the Mollusca (Limax flava) he found that the liver secreted sugar 

* Experiments made in conjunction with Uausmann and Lissa in Ihe ** Proceedings 
of the Breslau Institut,” Heideahain, 1862. 

t ^e KOrner and Strube’s Experiments in the “Proceedings of the Breslau Institut,*' 
1862. 

t “ Annales des Sciences Naturelles,’' 1846, | “ Archives 06n. do H^dedne.” 

ii “Gomptes Bendnsdo TAead. des Sciences/* 1855, p. 587. 

^ “Ije^ons,** lS5i*5$y p. ecj. 
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ifiad bile alternately, the former during, the latter after digestion. The obser- 
vatimia of Bernard, from their novelty and interest, attracted the attention 
of nwmy chemists and physiologists, and it was soon shown that tugar, 
though in comparatively small proportion, was frequently present in the 
blood of the general circulation, and of the Vena Portae, as well as in that 
of the Hepatic vein. Thus Chauveau* found in the arterial blood of a 
Horse, which had fasted for six days, 0*06 per cent of Sugar, and in the 
systemic venous blood, 0*05 per cent. Colin also detected traces of Sugar 
in the Chyle and Lymph. Very careful investigations were made by 
Dr. Harley, Poisseuille, Lefort,‘|' and others, to determine the propor- 
tion of Sugar in the Liver, and in the blood drawn from different parts 
of fasting animals. In one of the experiments of Poisseuille and Lefort, a 
dog which had been kept fasting for 60 hours, but had been supplied 
with a moderate quantity of horseflesh an hour and a half before death, 
was found to contain — 

In 100 ports of the 

Liver 

Thoracic Lymph 

Blood of the Hepatic Vein . . . , 

None elsewhere. 

Again, in a horse in full digestion, after a meal of oats, they found — 


In 100 parts of the Parts of Sugar. 

Liver 2*292 

Blood of Hepatic Vein 1*128 

Chyle 0*222 

Lymph 0*442 

Blood of the Vena Portae and elsewhere . . . 0*065 

Lastly, in examining the Liver of various animals, they obtained from — 

100 parts of the Liver of the Parts of Sugar. 

Fish 0*484 to 1*5 

Frogs 0*315 ,, 0*632 

Birds 2*164 „ 0*632 

GK)at — ,, 1*092 

Babbit 1*000 „ 1*163 

Cat 0*807 „ 2*305 


Bernard also found that the liver of the calf usually contains from 2 to 4 
per cent of sugar; of the rabbit, from 2*2 to 2*7 ; and of the dog, from 
1*0 to 1*3 per cent; whilst in his examinations of the liver of the human 
subject, he found from 1*79 to 2*142 per cent of sugar in criminals, and 
in foetus of six months, 0*77 per cent. StokvisJ also obtained 0*54 
per cent of sugar from the liver of a foetus at the 6th or 7th month, but 
as much as 3*42 per cent from that of a stillborn mature infant. The 
much larger proportion of sugar obtained from the liver of Herbivorous as 
compared with Carnivorous animals, especially after a meal containing 
much amylaceous or saccharine material, naturally led to the supposition 
that these substances were derived from the aliment, and were merely 
deposited in the tissue of the liver; and we accordingly find Sanson, § after 
a careftd r^surn^ of the whole subject, arriving at the conclusion that 
v^etables alone are capable of producing starch, a part of which, when 

♦ “aa®. 1867, and “ L’Union M4d.,” 1867. + Ga®. M6d. ” 1868. 

4: Henle and Mdstner, ** Bericht,** 1857, p. 264. 

S « Jonra. de la Phyaiol.;’ 1868, p. 244 ; 1869, p. 104. 


Parts of Sugar. 
. 1*487 
. 0*141 
. 0*821 
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formed, is applied by the plant to the nutrition of its own tissues, whilst 
another part, stored up in cells, becomes subservient to the nutaition of 
Herbivorous animals. In these again, a portion of the starch is consumed 
in the vital processes, whilst ano^er portion is distributed to the tissues, 
being especially abundant in the liver ; and to this source he believed the 
sugar contained in the blood of Carnivora to be traceable* This view, 
however, became untenable when it was shown that in animals fed exclu- 
sively for months on ordinary butchers’ meat, in which no trace of starch 
or sugar is present, the presence of sugar in the liver could readily be 
demonstrated. In such cases it was obvious that the sugar could not 
be derived directly from the aliment, but must have been the result of 
metamorphoses taking place in the liver itself. 

379. In the meanwhile Bernard, pursuing his investigations, was struck 
with tlie circumstance, that if the vessels of the Liver were thoroughly 
cleared of Sugar by the injection of water, a fresh supply of that substance 
could be obtained, after the lapse of a few hours, upon re-injection; 
showing not only that the production of sugar must be external to the 
vessels, and in the very substance of the organ itself, but also that it is 
capable of taking place quite independently of all vital action. From a 
consideration of these facts, he was led to inquire whether there might 
not be some substance formed by and pre-existent in the hepatic tissue, 
from the metamorphosis of which the sugar proceeded ; and he, coinci- 
dently with Hensen* and Pavy,f was soon successful in obtaining a pecu- 
liar substance possessing properties intermediate between those of starch 
and dextrine, and capable, under the action of ferments, of being readily 
converted into sugar, and of ultimately undergoing alcoholic or lactic acid 
fermentation. This substance was termed Glycogene by Bernard ; He- 
patine, or Amyloid substance, by Pavy ; and Zo-amyline by Kouget. It 
was obtained by Bernard by immersing the liver of a recently-killed 
animal in hot water to coagulate the albumen, then bruising it in a mortar, 
and filtering the liquid through animal charcoal. On the ad(iition of 
alcohol or of glacial acetic acid, the new substance was precipitated as a 
white and tasteless amorphous material, soluble in water, but incapable of 
effecting the reduction of the salts of copper. Iodine coloured it of a 
reddish violet tint, which disappeared on heating it to 176° F., but re- 
appeared on cooling. According to Pelouze, its chemical formula was 
Cjj Hjjj Ojjj. In aU essential respects, then. Glycogen resembles starch — 
so closely indeed, that Nageli considered them to be identical ; and since 
the granules of this substance were observed within the hepatic cells 
lander the microscope, by Bernard, Schiff, and others, whilst the quantity 
of this new material was found to vary with the amoimt and kind of food, 
as had formerly been shown to be the case with the sugar, it was very 
generally supposed that a double origin might be admitted for the amy- 
loid material. On the one hand, it might proceed from the disintegration 
of the albuminous constituents of the food, as formerly suggested by 
Lehmann for the sugar; and on the other, it might be due to the accumu- 
lation and metamorphosis in the hepatic tissue of the amylaceous and 
saccharine materials absorbed in digestion. The great influence exercised 

* ** Archiv f. Path. Anat.,’* band xi. p. 895. 

t « Guy’s Hospital Beporte,” 1858, p. 291; 1859, p. 204; 1861, p. 19T. **PkiL 
Traas.,” 1860. 
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hf tibo nature of t3ie food on its amount was clearly shown by Dr. Pavjr,* 
who found, on analysing the livers of dogs fed on exclusively animal diet, 
about 7 per cent of amyloid substance ; whilst on those fed on meat and 
sugar it amounted to 14*5 per cent ; and in those fed on vegetable diet 
alone to 17 per cent. Bernard and Schmidt, however,’]' found that the 
quantity of glycogen and sugar obtained from the liver was greatest when 
the food was highly albuminous, and fell to a minimum when the animal 
was fed on starch or fat. And the experiments of Stokvis on the effects 
of oleaginous food are in accordance with these statements. J 

380. The presence of an amyloid material having been thus shown to 
be constant in the liver, and to precede the formation of sugar, it was 
supposed that some ferment was requisite by which, either in the hepatic 
cells themselves, or after the absorption of the starch into the blood, its 
conversion into sugar could be rapidly effected. Many efforts were made 
to ascertain the source of this ferment ; and the spleen, thymus, thyroid, 
suprarenal, salivary, and pancreatic glands, were successively extirpated 
by Schiff,§ without, however, his being able to determine whether any of 
them- were instrumental in its formation. Hensen maintained that the 
ferment was thrown down with the amyloid substance on the addition of 
alcohol to the cold aqueous infusion of the liver ; that, as Bernard had 
observed, it was rendered inoperative by boiling; and finally, that it was 
contained in ordinary arterial blood and in the blood of the vena portsB, 
the addition of such blood to a solution of glycogen effecting its conversion 
into sugar. The necessity for the existence of this ferment has been ren- 
dered very doubtful by the investigations of Dr. Pavy, which, if they 
receive confirmation from subsequent observers, establish the following 
important points :|| — 1. That the liver normally and during life^ whatever 
may have been the nature of the food, contains little or no sugar, but a 

* “Phil, Trans.,” 1860, p. 604. f “Comptes Rendus,” 1859, p. 63. 

4: In addition to the two hypotheses above stated as to the origin of Glycogen, a third 
has recently been put forward by v. Deen (“Bonders’ Archiv,” 1860, iii. p. 49), Pog- 
giale, and others, that it is the result of the metamorphosis of the fatty substances 
consumed as food or generated in the Liver itself. Kiithe and Heynsius (“ Studien des 
Physiolog. Institut zu Amsterdam”) especially adopt the latter view, maintaining that 
the Glycogen proceeds from the decomposition of the conjugated biliary acids re-absorbed 
in the intestine ; for in dogs with biliary fistulse, Kiithe found that the liver contained no 
Glycogen and a very small proportion (0* § 2 per cent) of sugar, whether they had or 
had not been previously fed with meat ; whilst if healthy dogs, after many days of 
fasting, and in which there should normally have been but a small proportion of Gly- 
cogen pf^nt, were fed with 1 oz. of Tawrim, and were killed after two or three hours, 
an abundant supply of Glycogen could be obtained from the liver. And again, theo- 
retically, Urea and Glycogen may very easily be derived from the decomposition of 
Glycine, thus ; — 

2 Eq. of Urea 2 (C, H. N, 0,) = C, Hg 0, 

1 Eq. of Glycogen (C„ H,, 0„)=C,g H,g 0,^ 

4 Eq. of Glycine 4 (Cg Hg N 0,)-=C,g 

And it has already been shown that the quantity of Urea rises in diabe^, whilst the 
increased size of tie liver in this disease is indicative of increased functional activity. 
This mode of accounting for the origin of the amyloid substance is not, however, a very 
satisfactory or probable one, either on chemical or on physiological grounds. 

§ ** Untws. Ub. die Zuckerbildung der Leber,” Wurzburg, 1859. 

H See his work on Diabetes, 1862. It is right to add that the correctness of some of 
his experiments and conclurions has been called in question by Dr. Hailey, operating 
in conjtiactaon with Dr, Sbarpey : see “Med, ^IHines and Qaz.,” I860, vol i. p, 158. 
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considerable proportion of amyloid substance; since if ^ be removed Ifrom 
the body instantly after death, and subjected to the action of caustic pot- 
ash, or of extreme cold, no saccharine reaction can be obtained, though 
the presence of the amyloid substance can easily be shown. 2. That, 
during life^ there is imder ordinary circumstances very little difference in 
the amount of sugar contained in different specimens of blood, whether 
withdrawn from the systemic arteries or veins, the portal vein, or (by 
means of a catheter introduced through the jugular vein)^ from the right 
auricle; the latter, of course, containing a large proportion of hepatic 
venous blood : the quantity of sugar present in all instances being extremely 
small, and varying from 47 to 78-lOOOths of a grain per cent. 3. That 
during life^ therefore, very little amyloid substance is talten up by the 
blood in its passage through the liver, as indeed might be anticipated 
from its low power of dialysing through animal membranes. On the con- 
trary, after death, and frequently from various disturbing causes during 
life, a conversion of the amyloid substance into sugar takes place in the 
substance of the liver itself, and the sugar so formed then quickly appears 
in the blood, often to so great an extent as to occasion diabetes. 

381. At an early period of the history of the glycogenic function of the 
Liver, it was found that the formation of glycogen could be influenced 
through the nervous system. Bernard, for instance, observed that when 
the floor of the fourth ventricle was pricked with a needle, so great an 
increase was effected in the quantity of sugar generated, that that sub- 
stance was discharged by the urine, a temporary condition of diabetes 
being established ; whilst on the contrary, section of the spinal cord just 
below the origin of the phrenic nerves, and section of the vagi in the nec]c, 
appeared to check its production. These singular facts have received some 
elucidation from the experiments of Schiff,*!* who has shown that the 
vaso-motor nerves of the abdominal organs arise from the Thalami optici 
and in the cerebral peduncles, from whence they descend, lying side by 
side in the Medulla oblongata, and subsequently pass down ^e ante- 
rior columns of the cord, emerging at the roots of the Sympathetic, to 
supply the vessels. When the floor of the fourth ventricle is pricked, these 
nerves are irritated, which causes enlargement of the vessels of the liver 
and hypersecretion of glycogen ; whilst on the other hand, if the anterior 
columns of the cord be cut, the irritation produced by the puncture is not 
conveyed downwards, and no diabetes results. Hensen and Grafe have 
also noticed that section of the splanchnic nerves, or irritation applied to 
the cut surface of the central extremity of a pneumogastric nerve, occa- 
sions an increased production of sugar, in both cases probably as a conse- 
quence of the dilatation of the abdominal blood-vessels. Similar results 
have been obtained by Pavy after division of the i^mpathetic cord in the 
neck, and after division of the sympathetic plexus accompanying the 
vertebral arteries. J 

382. The influence of medicinal agents upon the glycogenic function 
of the Liver has received but little attention, though various substances 
are known to be capable of inducing diabetes. Coz4§ found the pro- 
portion of sugar nearly doubled both in the liver and in arterial blood 

* See on this point also MacDonnell, ** Proceedings of the Bojal Irish Society,** 1660# 
‘‘Archives G6n. de M6decine,” 1861, vol. i. p. 118 

J See ‘‘ Chiy’s Hosp. Rep./’ 1869, p. 204. 5 ** Oompies Bsadnis,*’ : 
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after the administration of morphia. Pavy^ observed well-marked diabetes 
in animals after the administration of 1 to 2 oz. of phoi^horic acid, and 
also after poisonous doses of strychnia, when the circulation was main- 
tained by artificial respiration. Harley obtained the same result in him- 
self after eating freely of asparagus. He noticed it also in animals after 
the injection of ether, chloroform, liquor ammonias, and methylated spirit, 
into the portal vein.f EeynosoJ induced diabetes by causing animiis to 
respire the vapour of benzine and acetone, and found that it followed 
asphyxia, slowly produced by the inhalation of carbonic, hydrosulphuric, 
and hydrocyanic acid gases. Whilst it is generally admitted that the 
phenomena of diabetes in most of these cases are due to disturbance of 
the glycogenic function of the liver, the appearance of the sugar has been 
attributed by some to paralysis of the Sympathetic, occasioning a freer 
circulation through the liver, which is again accompanied by an aug- 
mented production and absorption of the amyloid substance, and a con- 
sequent increase in the proportion of sugar in the blood, so that at length 
it appears in the urine ; whilst others, as Eeynoso, maintain the saccha- 
rine impregnation of the urine to be referrible to the grave disturbance 
of the respiratory function constantly present, which, by diminishing the 
proportion of oxygen absorbed, checks the combustive operation by which 
the sugar derived from the amyloid substance is eliminated from the 
system. The administration of large doses of caustic potash, or of carbo- 
nate of soda, is stated by Dr. Pavy to prevent the occurrence of diabetes 
under circumstances in which it would otherwise have been induced, 

383. Taking all these considerations into account, we seem entitled to 
conclude, that besides its operation as an Assimilating organ, whereby it 
helps to prepare histogenetic materials for conversion into blood and solid 
tissue, the Liver is capable both of producing and of storing-up amylaceous 
material in its cells, exerting its Secretive action in the former case in 
separating the hydrocarbonaceous portion of the protein- compounds 
which are destined to undergo retrograde metamorphosis, as being either 
superfluous or effete; and this under the three forms of Amyloid sub- 
stance, Fat, and Bile. The two former, if not at once removed by the 
blood-current, remain stored-up in the liver itself, as a pabulum for re- 
spiration; the latter, being of use in the digestive operation, is first poured 
into the alimentary canal, from which, however, the greater part is sub- 
sequently reabsorbed, its components being oxidated and then eliminated 
through other channels, the Hydrocarbon as water and carbonic acid 
through the Lungs, the Sulphur as sulphuric acid through the Kidneys. 
As an appendix to the history of Glycogeny, it may here be 
remarked that in 1859 Bemard§ detected the presence of Amyloid sub- 
stance in the Placenta and in various embryonic cellular tissues ; and 
endeavoured to show that these performed the flmctions of the liver 
vicariously during the earlier months of fintal life. Virchow also, in a 
course of pathological investigation spread over many years, has ^own 
that the production of starch in the animal economy is not limited to the 

^ “ Proceedings of the Eoyal Society,^ No. 86. 

+ See *‘Med.-Ohir, Beview,” 1867, Oct. 1862, and “Proceedings of Royal Society,*' 
186 t). 

t “Amud. dM Sol Nrt." 1866, p. 131. 

g &(W«-S 64 w 4 , “doanud de la Fh^L,” 1869, p. 80. 
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liver, but m&j frequently be observed in the nervous i^stem and i^leen 
as the result of disease ; whilst Meckel discovered similar diegenerations 
in the kidneys, muscles, cartilages, and other organs of the body, the 
amyloid substance making its appearance partly between the elements €i 
the tissues and partly within them. Upon these grounds a wide and 
comprehensive generalization has been made by Rouget,* to the effect 
that, seeing under what various forms the amyloid substances present 
themselves in the living body, — as the true starch of Carter, the corpora 
amylacea of Virchow, and the glycogen of the liver and embryonic 
membranes, — and how widely they are distributed through the intimate 
structure of different tissues, it is impossible to regard their development 
as a function peculiar to, or localized in the liver, or any special organ ; 
nor can it even be admitted to be performed exclusively by any system 
of tissues, as the Epithelial. On the contrary, it is to be considered as a 
phase of life — a property belonging to cells and the elements of tissues 
generally, establishing a perlect conformity in the tissues of all animals, 
and representing an incipient stage of disintegration and decay of cell- 
structure, a downward tendency, which is immediately carried ffirther by 
its directf or indirect oxidation and elimination from the body in the 
form of carbonic acid and water. 

3. The Kidneys. — Secretion of Urine. 

384. The Kidneys cannot be regarded as inferior in importance to the 
Liver, when considered merely as Excreting organs ; but their function 
only consists in separating from the blood certain effete substances which 
are to be thrown-off from it, and has no direct connection with any of 
the nutritive operations concerned in the introduction of aliment into the 
system. The following are the points in the minute structure of these 

Fig. 81. 



Section of the Cortieal Substance of the Human K%dney a a, tubuU nriniferi divided trans- 
versely, showing the spheroidal epithelium m their interior ; b, Malpighian Capsule ; a, its 
afferent branch of the renal artery, 6, its glomerulus of capillaries j o s^reiing pfeauB formed 
by its efferent vessels; d d, fibrous stroma. 

* ‘‘Journal de la Physiol., 1859, p. 88. 

t The direct oxidation of grape-sugar has been effected by ▼. 0oxt;ip-BemeiB, by dis- 
solving it in a weak alkaline solution and passing ozone through the Hquid, when car- 
bonia and formic acids are gradually formed without the appearwe df uiiy hutenmedifile 
compounds. 
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t!a!gaii8,^ whidb are of loosti importance in their Physiological relations.* 
glandular and vascular elements are imbedded in a stroma com- 
posed of interlacing dbres (Fig. 81, d d); this is more abundant in the 
medullary, than in the cortical substance ; but at the surface of the gland 
it is condensed into a continuous membrane, which is loosely connected 
with the proper capsule. The distinction between the cortical and the 
medullary part of the Elidney essentially consists in this, — that the former 
is by fer the most vascular, and the plexus formed by the tubuli uriniferi 
seems to come into the closest relation with that of the sanguiferous 
capillaries, so that it is probably the seat of the greater part of the pro- 
cess of secretion; whilst the latter is principally composed of tubes, passing 
in a straight line from the former towards their point of entrance into the 
ureter. The tubuli uriniferi, in passing outwards from the Calices, divide 
and subdivide in a dichotomous manner, at least ten or twelve times, their 
number becoming thus greatly increased, whilst their diameter diminishes 
from about l-300th to about l-600th of an inch. Each tube on arriving 
at the cortical portion becomes much convoluted, and terminates in a 
dilatation which has received the name of the Malpighian Corpuscle. The 

Fig. 82*. 


€r 



• Portion of the Kidney of a new-born infant;— a, natural size; a, a, Corpora Malpi^hiana, 
os dispersed points in the cortical substance; b, papilla.— b, a smaller part magnified; a, u, 
Corpora Malpighiana ; tubuli uriniferi. 

t Pori ion of one of the twbuU unn^erit from the Medullary substance of the kidney of an 
adult; showing its tesselated epithelium. 

total number of the tubes is estimated by Huschke at about two millions 
(Fig. 84). They are lined with polygonal epithelium (Figs. 83, 85), the 
cells of which contain round nuclei and a finely-granular albuminous fluid, 

* See especially Mr. Bowman’s Memoir in the ** Philosophical Transactions,” 1842 ; 
also Goodsir in ''Edinh. Monthly Journal,” 1842; Gerlach, Bidder, and Kolliker, in 
” Muller’s Archiv,” 1845; Toynbee in ‘'Med.-Ohir, Trans.,” 1846; Johnson in ^'Cyclop. 
ofAnat. and Phya.,” art. * Ben.*; Gairdner in “Edinb. Monthly Journal,” 1848 ; 
Frerichs, " Die Bright’sche Nierenkrankheit nnd deren Behandlnng,” 1851 ; and Kbl- 
liker, ” Mlkroskopisohe Anatomie,” and “Mwi. of Hum. HistoL” (Sydenham Soc.l ; 

Anat^” 1860; Isaacs, Trans, N, Y. Acad, of Med.,” vol. i. 1857 ; Henie, 
** Gdttingen Abhaodlungen,” 1862. 
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with, in many instances, small dark &t-dropB and a little pigment. They 
are very prone to alteration, and when immersed in water rapidly beoeme 

Fio. 84. 





OF SECBETIOK AND EXCBETION, 


Fiq. 85. 


diflIeDded and pale. The cell- wall is remarkable lor its delicacy ; and 
aft®r its destruction free nuclei, interspersed among amorphous granules, 
alone remain in the interior of the tubules. The cells lining the tortuous 

portion of the tubules are some- 
what larger than those in the in- 
terior of Qie straight. On examin- 
ing one of the Corpora Malpighiana 
with a high magnifying power, it 
is found to consist of a convoluted 
mass of minute blood-vessels (Fig. 
84, g ) ; and this is included in a 
flask-like dilatation of one of the 
tubuli uriniferi (Figs. 81, b, 85, 
c, c'). According to Mr. Bowman, 
this dilatation proceeds only from 
the termination of the tubulus; 
and this seems to be usually the 
case, although it appears not im- 
probable that it may sometimes be 
a lateral diverticulum, as described 
by Gerlach (loc. cit.). The epi- 
thelium, which elsewhere lines the 
tube, is altered in appearance where 
the tube is continuous with this 
capsular dilatation (Fig. 85, 
being there more transparent, and 
furnished with cilia (as shown at 
5"), which, in the Frog and other 
Eeptiles, may be seen for many 
hours after death, in very active 
motion, directing a current down 
the tube. Further within the capsule, this epithelium becomes excessively 
delicate, and sometimes disappears altogether.* 

885. The absolute quantity of blood traversing the kidneys is wonder- 
fully great, amounting, accordmg to the calculations of M. Brown- S6quard,f 
to nearly 2000 lbs. per diem. The Circulation of Blood through the 



Uriniferous Tube, Malpighian Tuft, and Cap- 
sule, from Kidmey of Frog : — a, cavity of the tube ; 
i, epithelium of the tube j d', ciliated epithelium 
of the neck of the capsule ; h'\ detached epi- 
thelium-scale ; c, basement-membrane of tul>e j c', 
basement-membrane of capsule ; w, convoluted 
capillaries of the Malpighis tufr. 


* Another and a very different account of the structure of the Kidney has recently 
been given by Henle Gottingen Abhandlungen, ” 1862, p. 247). He describes two 
systems of tubes ; one commencing by a network in the cortical substance, which is best 
marked near the free surface, the tubes of which, collecting into bundles, run towards 
the pyramids, and uniting two and two, ultimately open on the apex of the papilla. 
The tubes of the second system also commence in the cortex of the kidney, where they 
form blind terminal dilatations enclosing the glomeruli. They intertwine with the 
plexus formed by the first set, then run parallel with the bundles of the latter until they 
reach the medullary portion, in which they unite two by two into loops. This set has 
no openings on the pyramids or elsewhere ; it constitutes, therefore, a closed system of 
tabes. The epithelium of the first set is always clear and distinct, of the columnar 
variety, increasing in size towards their free or papillary termination, the epithelium of 
the second set is much less distinct, and consists of somewhat flattened cells, which 
often resemble nndeL The diameW of the first set with open mouths, which Henle 
iMfiieves to be destined for the separation of the urinary salts, Ac., is two or three times 
gmter than that of the second or closed variety, whose function is the elimination of 
the watei^ though It is diffieult to understand how it escapes, 
t de la IfiW, t. i. p. 805. 
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Kidney presents a very remarkable peculiarity* The supply is derived 
in Man (as in other Mammalia) direct from the arterial qrstem; thou^ 
in Fishes and Reptiles the urinary apparatus is connected, as well as me 
biliary, with the portal venous system, and even in Birds a portion of its 
blood is derived from the latter. But although this organ is supplied 
from the Renal Artery, yet it is not to its proper secretory apparatus that 
the blood of the artery is distributed in the first instance ; for, on entering 
the kidney, this vessel speedily and entirely divides itself into minute 
twigs, which are the afferent vessels of the Malpighian tufts (Figs. 81, u, 
86, af). After it has pierced the capsule, each twig dilates; and 
suddenly divides and subdivides into several 
minute branches, terminating in convoluted ca- Fio. 86. 

pillaries, which are collected in the form of a 
ball (Figs. 81, 86, m m); from the interior 

of the ball, the solitary efferent vessel, c/, arises, 
which passes out of the capsule by the side of the 
single afferent vessel. This baU was supposed by 
Bowman to be loose and bare in the capsule, being 
attached to it only by its afferent and efferent ves- 
sels ; but the more recent examinations of Kolli- 
ker,* and of Dr. Isaacs, f appear to prove that 
it is covered with oval nucleated cells. The 
efferent vessels, on leaving the Malpighian bodies, 
separately enter the plexus of capillaries (Figs. 

81, c, 86, p) surrounding the tubuli uriniferi 
(st)f and supply that plexus with blood ; from 
this plexus the renal vein arises. — Thus there 
is a striking analogy between the mode in which pisteibution ofthe Benalves- 

the tubuli urmiferi are supplied with blood, for 
the purpose of elaborating their secretion, and 
the plan on which the hepatic circulation is 
carried-on. For as the secretion of the Liver 
is formed from blood conveyed to it by one large 
vessel, the portal vein, which has collected it from the venous capillaries 
of the chylopoietic viscera, and which subdivides again to distribute it 
through the liver, so the secretion of the Kidney is elaborated from blood 
which has already passed through one set of capillary vessels, those of 
the Malpighian tufts ; this blood is collected and conveyed to the proper 
secreting surface, however, not by one large trunk (which would have 
been a very inconvenient arrangement), but by a multitude of small ones, 
the efferent vessels of the Malpighian bodies, which may be regarded as 
collectively representing the portal vein, since they convey the blood 
from the systemic to the secreting capillaries. Hence the Kidney may 
be -said to have a portal system within itself. — This ingenioxxs view of 
Mr. Bowman finds support from the fact, that in Reptiles the efferent 
vessels of the Malpighian bodies (which receive their blood, as elsewhere, 
from the renal artery) unite with the renal branches of the Vena Portie, to 
form the secreting plexus around the tubuli uriniferi. Here, therefore, 
the blood of the secreting plexus has a double source, the vessels which 

* ‘^Man. Mic. -Anat.,” 1860, p. 408. 

t ^‘Trana. of N. Y. Acad. vol. L 1867. 


a, branch of Renal arterv; qf, 
afferent vessel, m, m, Malpigman 
tufts ; efferent vessels ; o, 
vascular plexus surrounding the 
tubes , »ty straight tube ; ot^ con* 
voluted tube. 
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it reoMvxzig thdr blood in part from the capillaries of the organ 
hmif, and in part from those of viscera external to it; just as, in the 
Iliver, the secreting plexus is supplied in part hj the nutritive capillaries 
a£ the organ itself, which receive their blood from the hepatic artery, 
and in part by the blood conveyed from the chylopoietic viscera through 
the vena port®. 

886. These admirable researches of Mr. Bowman on the structure of 
the Malpighian bodies, and on the vascular apparatus of the Kidney, 
have thrown great light upon the mode in which the Urinary secretion 
is elaborated. One of the most remarkable circumstances attending this 
excretion, in the Mammalia particularly, is the large but variable quantity 
of water, which is thus eliminated, — ^the amount of which bears no con- 
stant proportion to that of the solid matter dissolved in it. The quantity 
of water which is passed-off by the Kidneys depends in part upon that 
exhaled by the Skin, being greatest when this is least, and vice versd : 
but the quantity of solid matter to be conveyed-away in the secretion 
has little to do with this, being dependent upon the amount of waste in 
the system, and upon the quantity of surplus azotized aliment which has 
to be discharged through this channel. — The Kidney contains two very 
distinct provisions for these purposes. The cells lining the tubuli uriniferi 
are probably here, as elsewhere, the instruments by which the solid matter 
of the secretion is eliminated ; whilst it can scarcely be doubted, that the 
chief office of the Corpora Malpighiana is to allow the transudation of the 
superfluous fluid through the thin- walled capillaries of which they are 
composed. “ It would indeed,” Mr. Bowman remarks,* “ be difficult to 
conceive a disposition of parts more calculated to favour the escape of 
water from the blood, than that of the Malpighian body. A large artery 
breaks-up in a very direct manner into a nmnber of minute branches ; 
each of which suddenly opens into an assemblage of vessels of far greater 
aggregate capacity than itself, and from which there is but one narrow 
exit. Hence must arise a very abrupt retardation in the velocity of the 
current of blood.” The vessels in which this delay occurs, lie in a capsule, 
from which there is but one outlet, the orifice of the tube. “ This orifice 
is encircled by cilia, in active motion, directing a current towards the 
tube. These exquisite organs must not only serve to carry forward the 
fluid which is already in the cell, and in which the vascular tuft is bathed; 
but must tend to remove pressure from the free surface of the vessels, and 
so to encourage the escape of their more fluid contents.” — Here we see 
the essential difference which exists between the vital agency concerned 
in the true Secreting process, and the physical power which occasions 
fluid exhalation or transudation. This difference is precisely the same as 
that which exists between the vital act of selective absorption, and the 
physical operation of endosmose or imbibition. By Imbibition and 
Transudation, certain fluids may pass through organic membranes, in the 
dead as well as in the living body ; and this passage depends merely upon 
the physical condition of the part, in regard to the amount and the nature 
of the fluid it contains, and the permeability of its tissues. If the views 
of Kolliker and Isaacs are correct, however, the Glomerulus itself pos- 
sesses, in the cells which cover it, a glandular structure, and is ther^ore 


Loc. cit., p. 75. 
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a^pted for the separation not only of water, but also of ^ jaoxijnale 
Qonstituents of the urine ; in corroboration of which, it may be stated that 
large numbers of the Malpighian tuits are distributed Ihrou^ the kidn^ 
of both Birds and Reptiles, though it is well known that these an ima l s 
secrete semi-solid urine; whilst in the examination of the kidn^s of those 
who have used strong diuretics, the tuits have been found much con- 
gested, and the vessels in some instances even burst ; lastly, in cases of 
jaundice, the capsule of the Malpighian tuft has been found stained with 
yellow bile-pigment — all circumstances tending to show that they dis- 
charge a secretory function.* The transudation of the watery portion of 
the blood is much increased by any impediment to its flow through the 
vessels, and also by any causes that produce a diminished resistance in 
their walls. 

887. The Kidney is liable to undergo alterations of*its normal struc- 
ture, from a perversion of its ordinary formative processes, which are of 
a nature very analogous to those occurring in the Liver, though with 
differences arising out of the specialities of its conformation. Several 
different kinds, as well as degrees, of such alteration, have been described 
(as it now appears) under the general term ^ Bright’s disease,’ which has 
been applied imost indiscriminately to almost every kind of chronic disease 
of the structure of the Kidney, whether produced by congestion, inflamma- 
tion, or fatty degeneration, that is attended with the presence of albumen 
in the urine. It must not be supposed, however, that any of these lesions 
are invariably coincident with the presence of Albumen in the Urine : for 
it has been fUUy proved, on the one hand, that albumen may present itself 
in this excretion, without any alteration in the structure of the kidney ; 
whilst it has also been shown, that various forms of Bright’s disease may 
exist, even in an advanced stage, without any albumen being detectible 
in the urine.f These variations may probably be attributed to two 
classes of conditions ; viz., the state of the albumen in the blood itself, 
and the state of the capillary circulation in the kidney. We have seen 
that the weak form of albumen which is first taken-up by absorption 
from the alimentary canal, is distinguished by its pr oneness to transuda- 
tion (§ 112) ; whilst, on the other hand, the strong albumen of the egg, 
if injected into the systemic blood-current, or even if introduced in large 
quantities into the stomach, J finds its way out again by the urine, as a 
foreign substance (§ 92) ; an assimilating action being required, in the 
case of each, to give it the normal characters of blood-albumen. It is 
probably, in part at least, to the want of such perfect assimilation of the 
newly-absorbed albumen, that we are to attribute the increase of albu- 
men in the urine passed soon after meals, by patients suffering under 
Bright’s disease ; something, however, may be due to the simple aug- 
mentation of the bulk of the blood, and especially of its solids. But, 
again, any cause which produces congestion of the vessels of the kidney, 

* See Isaacs, Op. cit. 

t See Or. Begbie in the “ Brit, and For. Med.-Ghir. Rev.,” vol. xii. p. 46. 

4: See Hammond (“Experimental Researches,” Philad. 1867, p. 81), who found 
on restricting himself to a purely albuminous diet, that his urine first contained a 
great excess of urea, aud ou the 8th day aibumeu made its appearance. Bernard also 
observed its presence in his urine after eating six eggs fitting (“ Le^oni^” 1869, toL ii. 

p. 188). 
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timms pppge ot tibe normal albumen of the blood into the urine 
and thuu “W© how albuminous urine may be produced by the repulsion 
of blood fi'Om the cutaneous surfece to the kidney, or by the determining 
inHuence of cantharides or other irritant diuretics, or by any obstruction 
to the return of blood from the capillary plexus by the renal veins. f 
388. The nature and purposes of the Urinary secretion, and the altera- 
tions which it is liable to undergo in various conditions of the system, 
are much better imderstood than are those of the Bile : this is owing, in 
great part, to the two circumstances, that it may be readily collected in a 
state of purily, and that its ingredients are of such a nature as to be 
easily and definitely separated from each other by simple chemical means. 
There can be no doubt that the chief purpose of this excretion, is to 
remove from the system the effete azotized matters, which the blood 
takes-up in the course of its circulation, or which may have been pro- 
duced by changes occurring in itself. This is evident from the large 
proportion of Nitrogen in the solid matter dissolved in the urine ; and 
from the crystalline form presented by much of this solid matter when 
separated, — a form which indiaf^ that its state of combination is such, 
as to prevent it from conducing to the nutrition of the system. The 
injurious efifects of the retention of the components of the Urinary 
secretion in the Blood, are fully demonstrated by the results of its ces- 
sation ; whether this be made to take place experimentally (as by tying 
the renal artery), or be the consequence of a disordered condition of the 
kidney. The symptoms of UroBmia (as this condition has been appro- 
priately termed) are altogether such as indicate the action of a specific 
poison upon the Nervous system ; affecting either the Brain or the 
Spinal Cord separately, or both together. In the first form, a state of 
stupor comes on rather suddenly, out of which the patient is with dif- 
ficulty aroused ; and this gradually deepens into complete coma, with 
fixed pupils and stertorous breathing, just as in ordinary kinds of 
narcotic poisoning. In the second form, convulsions of an epileptic 
character, frequently affecting the whole muscular system, suddenly 
occur ; but there is no loss of consciousness. In the third form, coma 
and convtdsions are combined. — It has been generally supposed that 
these results are attributable to the accumulation of urea in the blood ; 
but clinical observation affords sufficient evidence, that there is no con- 
stant relation between the severity of these symptoms and the amount of 
urea in the circulating system ; J and experiment has determined that the 

* SeeEobinson io “Med.-Chir. TraDsact.,’" vol. xxvi. p. 61. 

t Magendie, indeed* found that the mere injection of about a pint of water into the 
veins of a large dog was sufficient to cause the urine quickly to become albuminous, the 
effect remaining for 10 or 12 hours (Bernard, ‘*Le9ons,’' 1859, vol. ii. p. 189). Over- 
beck Sitzungsbericht d. k. Akad. d. Wise, zu Wien,’’ 1868, p. 189) has also made the 
curious observation, that compression of the renal arteries, whilst it rapidly diminishes 
the quantity of urine and of urea secreted, also occasions the discharge of albumen in 
the urine ; though if at the same time a ligature be applied to the ureters, the appear- 
ance of albumen is completely prevented. Albuminous urine has been observed in certain 
forms of heart-disease (Rayer), and after certain lesions of the nervous system, as intra- 
cranial section of the fifth pair of nerves (Longet, “ Physiologic, ” p. 962), and after 
sectioa of the cerebral peduncles (Schiff). 

t It has been remarked by Bright, Ohristison, G. 0. Beest, and Freriohs, that urea may 
cibm be obtained in considerable quantity from the blood of patients suffering under 
*Biight*a disease,* vrho were at the same time free from all nervous symptoms. 
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otiher constituents of the urine do not exert any more infiuenoe.* 

It seems probable, then, that some substance formed at tibe expense of 
the normal constituents of urine, rather than either of these iSubstEnces 
themselves, is the real poisonous agent in cases of JJrfiemia ; and very 
cogent evidence has been adduced by Prof. Frerichs, in proof of his idea 
that the symptoms of this disorder arise from the conversion of the 
Urea in the circulating current into Carbonate of Ammonia, by the 
agency of a suitable ferment ; so that, however great may be the accu- 
mulation, it does not give rise to any serious consequences unless this 
ferment be also present. Two series of experiments are described by 
him as supporting this doctrine ; the first showing that in cases of ursemic 
intoxication, a resolution of urea into carbonate of ammonia is actually 
taking place, ammonia being found in the expired air when the first 
symptoms make their appearance, and in the blood and in the contents 
of the stomach after death and the second proving that the injection 
of carbonate of ammonia into the circulating current induces a train of 
symptoms essentially corresponding with those* of uraemia, stupor and 
convulsions occurring either separatelj^ l5onjointly.J — It seems not 
improbable that, as in the case of the retention of Bile in the Blood 
(§ 376 ), many of the minor as well as of the severer forms of sympa- 
thetic disturbance, connected with disordered secretion from the ladney, 
are due to this directly-poisonous operation of the decomposing consti- 
tuents of the urine upon the several organs whose function is disturbed ; 
and that many complaints in which no such agency has been until 

* Thus Frerichs (as Bichat, Courten, and Gfaspard had before done) repeatedly injected 
from 20 to 40 grammes of filtered human urine, sometimes even with the addition of urea, 
into the veins of animals, without any ill effects resultmg. 

i* It is the conclusion of MM. Bernard and BarreswiI, — from the experiments which 
they have performed to determine, why, after the extirpation of the kidneys, a period of 
from twenty-four to forty-eight hours always elapses, befoie the blood shows any decided 
increase in the quantity of Urea, — that, under such circumstances, the urea is eliminated 
by the secretions of the intestinal tube, and chiefly by the gastric juice, in the form of 
an ammoniacal salt ; and that no urea can be detected in the blood, until, by a progres- 
sive diminution of the vital powers, the intestinal fluids become more and more dimi- 
nished in quantity, and the metastatic channels for the elimination of urea are closed. 
Retention of urea in the blood, as they argue, is thus a result, not directly of the sup- 
pression of urine, but rather of the loss of vigour which follows it. {“ Archiv, G16n6r. 
de M6decine,” 4me S6r., tom. xiii. p. 449). See also Bernard, “ Le 9 ons,” 1859, vol. ii, 
chap. ii. 

^ On this subject, see the Chapter on ‘ Ursemia’ in the Treatise of Frerichs just cited. 
His conclusions, however, though quite in harmony with the observations of Lehmann, 
have been disputed by other pathologists. Thus it has been affirmed (“Brit, and For. 
Med.-Chir. Rev.,” vol, xii. p, 268) that the cause of the symptoms of uraemic poisoning, 
in cases of advanced * Bright’s disease,* '*must be looked- for in an impediment of the 
metamorphosis of the tissues, in a destruction of the process of endosmose and exosmoee 
between blood and tissues, and perhaps in a generally diminished oxidation-power in the 
blood;” which is certainly in accordance with the fact now generally admitted, that whllet 
there is usually a great diminution in the elimination of urea, there is also a defloieDt 
formation of it within the system. Thus the analyses of Rosenstein give a mean amoniit 
of only 112 grains of urea excreted in 24 hours in this disease, and the uric acid appears 
to undergo an equal, if not a greater, diminution (see Paikes “ On the Urine,** p. 885, 
ISeO). — It is difficult, however, to ^lieve that the narcotic symptoms following upon 
sudden and complete suppression of the urinary excretion, with accumulation of in 
the blood (as shown by analysis), and abating with the elimination of Uie urea by 
re-establishment of the secretiou (as happen^ in the interesting case recorded by Jh, 
Shuarman in the “ Bdinb. Monthly Journal,” March, 1848), can be due to anything 4se 
the direct toxic influence of ^e nrea, or of some product of its metrnoiplmtls. 

n o 
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GonvuMtre affections, arising from a die^ 
ordered aoticm of the nervous centres, thus due to the insufficient 
eliinination of Urea from the Blood. 

389* In order to form a correct opinion of the state of the Urinary 
secretion in morbid conditions of the system, it is desirable to be ac- 
quainted with every leading particular regarding its normal character. — 
IVesh healthy Urine is a perfectly-transparent, amber-yellow-coloured 
liquid, exhaling a peculiar but not disagreeable odour, and having a 
bitterish saline taste. The only morphological elements which it nor- 
mally contains, are pavement epithelium-cells and mucus-corpuscles from 
the lining of the urinary passages; which, however, are present in 
healthy urine to only a very small amount. But in certain morbid 
states of the urine, minute cylindrical bodies are seen, in greater or less 
abundance, which are obviously derived from the tubuli uriniferi ; these 
are sometimes composed almost exclusively of the epithelial lining of 
the tubes, of which the cells remain adherent to each other, notwith- 
standing their detachment from the basement-membrane beneath ; whilst 
sometimes they are fibrinous moulds of the interior of the tubes, formed 
by exudation of plastic material, and containing blood- or pus-corpuscles ; 
and in other instances, again, they seem to consist of nothing else than 
the basement-membrane of the tubes themselves. The first of these 
forms opcurs chiefly in desquamative irritation of the kidneys ; the second 
as a consequence of acute inflammation, and the last in the advanced 
stages of ‘ Bright’s disease.’ — In all natural conditions of the Human 
system (even when a vegetable diet is used), the urine possesses a well- 
marked acid reaction. When it is left to itself for some time, slight 
nebulae, consisting of mucus, are formed in it; and these gradually 
descend to the bottom. Soon afterwards an unpleasant odour is deve- 
loped ; instead of an acid, an alkaline reaction is presented, in consequence 
of the decomposition of the urea into carbonate of ammonia; and a preci- 
pitation of earthy phosphates then takes place. A turbidity may be pro- 
duced, however, by the precipitation of urates of soda and ammonia, on 
the simple cooling of the urine, without any such departure from its 
normal composition as would properly constitute disease, but under some 
of the conditions hereafter to be specified (§ 392). But if the urine 
be turbid when it has first passed from the body, and has a temperature 
of 98® or 100®, it must be considered as abnormal. 

890. Quantity, — Dr. Parkes,^ who has collected the averages of 
many different observers, states that 52^ fluid oimces may be con- 
sidered to represent the mean quantity of urine discharged in 24 
hours by healthy male adults between 20 and 40 years of age.j* The 
extremes given by different experimenters are, 35 ounces (Prout), and 
81 ounces (Bocker). Almost every intervening number between these 
two remarkably-different quantities has been stated by one observer or 
another to be the usual average. Great differences therefore exist, even 
in healthy adults ; and the amount will vary with the quantity of fluid 
ingested, the external temperature and consequent activity of the cuta- 
neous transpiration, the nature and quality of the food, the tempera- 

• On the tTriae,” p. fi. 

1 niimber agrees very exactly with the careful experimenta of Dr. Ed. Smith 
and ^aupp^ ** Arqhiv t Fhys. Heilh.,** band xiv. 



tm Kii>inEm-*-pjcRBTioir ^ mtm 0$ 

f^iexxt of tbe body, and perhaps even with national peotdiaritie8« I>r« Ed, 
Smith, from dally experiments made throughout the year, has ihown 
that during a cold summer (half-year from May to October) the average 
quantity was somewhat more, whilst during a not summer it was some- 
what less, than during the winter six months. With alcohol given to 
prisoners, there was an average decrease of 20 ounces per day fyr three 
days, the quantity of water drank being unchanged. With a day of rest 
the quantity was less than on days of labour, and there was more on 
treadwheel days, notwithstanding that the quantity of water drank was 
the same, and there was more perspiration with the hard labour. It has 
been clearly shown by Bernard,* Ludwig and Goll,f that the rapidity 
with which the secretion of urine takes place, is to a very important ex- 
tent dependent upon the pressure of the blood in the vascular system. In 
one of the experiments recorded by M. GoU, the urine being discharged by 
the ureters at the rate of 30 or 40 grains per minute, the animal was bled, 
when the flow immediately diminished to 12 grains per minute; but upon 
transfusing into its veins some blood taken from another animal, it rapidly 
rose to 188 grains per minute. In like manner, an increased flow of 
urine occurs when the pressure of the blood is either increased generally, 
as during digestion (Bernard), or locally in the renal capillaries, as by 
ligature of the renal veins, or of some of the larger systemic arteries, as 
the crural and axillary, or by division of the pneumogastric nerves, or 
after certain lesions of the fourth ventricle ; whilst a diminution is ob- 
served after the pressure has been diminished by bleeding, or by irrita- 
tion of the pneumogastrics, which depresses the action of the heart, or by 
compression of the renal arteries. It is on this principle that the effect of 
cold in increasing the flow of urine can to some extent be explained ; for 
by contracting the cutaneous capillaries of the body generally, the pressure 
in the renal vessels must obviously be increased. Women secrete some- 
what more urine than men,J and children nearly twice as much in pro- 
portion to the weight of the body. Some time, however, usually elapses 
after birth before the kidneys begin to discharge their function with acti- 
vity ; the urine, up to the third day, being usually scanty, albuminous, 
destitute of urea, and containing but a small proportion of solid ingre- 
dients. When a great excess of fluid has been ingested within a short 
space of time, it is rapidly discharged by the kidneys, nearly all having 
escaped at the expiration of 2J hours after the last portions have been 
taken. § — That the secretion of urine is influenced to an important degree 
by the nervous system, is sufficiently indicated by numerous physiological 
as weU as pathological considerations. The exact origin and nature of 
that influence is still, however, a subject of controversy. Amongst mental 
emotions, fear is the one which most powerfully stimulates the kidneys to 
act, and the effect is equally observable in animals and in man. It may 
act like cold, by producing congestion of the abdominal viscera generally, 
since diarrhoea is also frequently induced. The large flow of urine in 
hysteria, as the attack is passing-off, is well known ; and occasionally this 
occurs ^0 as a critical discharge in some febrile affections. Krimer|| was 

* Lemons/’ 1859, voL ii. p. 155. 

t “ Zeitschr. f. Rat. Med.,” t. iv. p. 98. t Dondeni, Phys.,’* 485. 

§ Thudichum, On the Pathology of the Urine,” p. 96, 1858. 

H ** Phys. Untersuch. 1820. 



404 


Of AKD £X<mETION. 


th© first who made any direct experiments upon th© nerves supplying the 
kidney: he observed that upon section of the renal nerves, albumen 
made its appearance in the urine with the colouring matter of the blood, 
whilst the proper constituents diminished in quantity.* Eemoval of the 
cerebrum, cerebellum, or spinal cord, produces but slight change in the 
quality of the urine. The most interesting observations, however, that 
have yet been made upon this subject are those of Bernard, who has 
shown that if a particular point of the fourth ventricle be injured by the 
introduction of a fine needle, sugar makes its appearance in the urine ; and 
that if this spot be not exactly struck, there is still a considerable increase 
in the quantity of the urine. It is a matter of common observation that 
injuries of the spinal cord are followed by changes in the constitution of 
the urine, which becomes ammoniacal and precipitates phosphates ; but it 
appears to be doubtful whether these changes are not the result of dis- 
ordered secretions fi’om the walls of the urinary bladder, the urine being 
secreted normally, but undergoing in its course through the urinary pas- 
sages a kind of fermentation, which induces decomposition of the urea and 
the formation of carbonate of ammonia. 

391. The Specific Gravity comes to be a very important character 
in various morbid conditions of the urine; and it is therefore desirable 
to estimate it correctly. This also is of course subject to the like 
causes of variation ; since, when the same amount of solid matter 
is dissolved in a larger or smaller quantity of water, the specific 
gravity will be proportionably lower or higher; or, the quantity of 
water remaining the same, an increase or diminution in the amoimt of 
solid matter will raise or lower the specific gravity. It has been com- 
monly supposed that the amount of solid matters in the urine bears such 
a constant ratio to its specific gravity, that the former may be approxi- 
matively deduced from the latter ; this, however, is now ascertained 
to be by no means the case.f StiU, the determination of the specific 
gravity is of suflicient importance for diagnostic purposes, to make it 
desirable to possess an average standard, as nearly approaching to accuracy 
as circumstances will permit. The average, according to Dr. Prout, in a 
healthy person, taking the whole year round, is about 1020; the standard 
rising in summer (on accoimt of the greater discharge of fluid by perspi- 
ration) to 1025; and being lowered in winter to 1015. Simon, however, 
states the average specific gravity at no more than 1012. Dr. Eobertsj 
observed the specific gravity of his own urine, while in a healthy state, 
to vary from 1001 to 1036. That the specific gravity does not bear any 
constant relation to the quantity discharged, has been shown by Dr. 
Hammond ; who noticed that, although the afternoon and evening urine 
was most abundant, its specific gravity was very high, in consequence of 
its containing a large proportion of solid ingredients. The specific gravity 
of the urine probably depends mainly, in each individual case, upon the 
amount of azotized solids and of aqueous fluids habitually ingested, 
allowing for the portion of the latter that is dissipated by cutaneous ex* 

* Hermann, however, was unable to observe any alteration in either the quantity or 
quality of the urine secreted after section of the nerves accompanying the ren^ arteries. 
—"Canstatt’siB^icht,” 1862, p. 128. 

+ See liohmann^s Physiological Chemistry*’ (Cavendish Society), vol. ii p. 486. 

t "Bdinb. Med. Joum.,” 1860. 
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halation ; and it will also vary with the period tiiat has elapsed rince the 
last introduction of liquid into the stomacL From these and other causes, 
the amount of solid matter in 1000 parts of urine may vaiy hrom 20 to 70 
parts ; and hence the various recorded analyses of this liquid present very 
wide diversities in the proportions of its solid constituents.* These dis- 
crepancies, however, being chiefly due to the fluctuating amount of water, 
become very much less (as Simon pointed out) when we calculate the 
proportion which each principal component bears to 100 of solid residue ; 
as is shown in the following Table : — 


Urea 

Berzelius. 

Lehmann. 

Simon. 

Marohand. 

. 45-10 

49-68 

83-80 

48-91 

Uric acid 

. 1-60 

1-61 

1-40 

1-69 

Extractive matter, Ammonia-salts, ) 
and Chloride of Sodium . . | 

86-30 

28*95 

42-60 

32-49 

Alkaline Sulphates 

. 10-30 

11-58 

8-14 

10*18 

Alkaline Phosphates .... 

. 6-88 

6-96 

6-60 

4-67 

Phosphates of Lime and Magnesia 

. 1-50 

1-97 

1-69 

1-81 


We shall presently find the causes of some of the variations even here 
shown, to lie in the nature of the ingesta, and in the amount of exercise 
taken by the individual. — The following Tablef will show the usual con- 
stituents of healthy urine, and the quantities excreted in 24 hours : — 


Urinary Constituents. 


Average quantity excreted 
in 24 hours, in grains. 


Average quantity excreted 
for each 1 lb. avoird. of 
bodv’weight (estimating 
tms at 160 Ibs.h per 
diem, in grams. 


Urea . . . 

Uric Acid . . 

Hippuric Acid 
Creatinine . . 


512 

8-6 

15 

15 


8-5 

'0-057 

0-1 

0-1 


Xanthine .... 

Phenylic .... 

Taurylic . . 

Damalnric .... 

Damolic .... 

Pigment .... 

Mucus 

Inorganic Salts 

(varying greatly in their relative 
proportions according to the nature 
of the food, and composed of) 

Sulphuric Acid 

Phosphoric Acid 

Chlorine 

Potash . 

Soda 

Lime 

Magnesia 

Silicic Acid 


I Acids. 


Traces. 


7 

140 to 380 


17-34 to 41 -14 
81 to 79 
51-87 to 173-2 
26-86 to 107-7 
79-75 to 171-0 
2*33 to 6 *86 
2*53 to 4-21 
Traces. 


0-933 to 2*53 


0-115 to 0-27 
0-207 to 0*526 
0-845 to 1-154 
0-175 to 0*718 
0*631 to 1*14 
0*016 to 0*042 
0-016 to 0-028 


* It is remarked by Lehmann (Op. cit., p, 447), that the urine of the Prendi^ is 
poorest in solid constituents, especially in urea and uric acid, and that of the IjE nglish 
the richest, that of the Oermans being intermediate between the two ; ratio in each 
nation being in conformity with tbe proportion of animal food entering into ite ordinary diet. 

t Chiefly drawn up from the works of Parkes, **On the Urine,” I860, Lond.; 
Thudichum, “ On the Pathology of the Urine,” 1858, Lond. ; and Neubauer am Vog^ 
“On the Urin^” Lond. 1868, New Sydenham ^ety'sTrwiriation} to wbiek einellwtt 
treatises the reader derirons of further information is referred. ^ 
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It i« difficult, if not impossible, to determine the exact mode in which the 
aicids are distributed amongst tiie bases, but the Chlorides and Phosphates 
seem to be eliminated in the following proportions : — 

Grains In 24 hours. 

Chloride of Sodium about 150 

Chloride of Ammonium ,, 85 

Phosphate of Magnesia ,, 5 ) Lehmann and 

Phosphate of Lime ,, 10 ( Kletzinsky. 

The relation between the two last is reversed by Neubauer. 

The urine contains, in addition, free carbonic acid, oxygen, and nitrogen 
gases ; together with a certain and not inconsiderable quantity of extractive 
matters, consisting of substances whose nature has not been accurately de- 
termined, as in the case of those containing sulphur and phosphorus, the 
substance termed Oxide of Omichmyl by Scharling (which is apparently 
of a resinous nature), and others. The aggregate amount of the extractives 
is estimated by Dr. Parkes at 154 grains per diem, and constitutes a wide 
and very important field for future investigations. It will thus be seen 
that the total quantity of solid material eliminated by the kidneys does 
not fall far short of 900 grains in the 24 hours for a healthy adnit man 
weighing 150 lbs., the proportion of organic compounds being about 550 
grains, and of inorganic about 300 grains. — Under the head of consti- 
tuents not constantly, or not certainly present, or perhaps present only in 
disease, may be enumerated albumen, fibrin, sarkin, grape-sugar, lactic 
and oxalic acids, fatty substances, biliary colouring matter, salts of 
the biliary acids, allantoin, leucin, and tyrosin, cystin, inosite, taurin, 
hasmatin, pus, spermatozoa, carbonate of ammonia, phosphate of ammonia, 
and magnesia and sulphuretted hydrogen,'*' besides various substances 
consumed as food and eliminated by the kidneys, as the colouring and 
odorous matters of various vegetables and certain metals. 

392 . The most important of those organic constituents of the Urine, whose 
formation has already (§§ 326, 327) been traced to the metamorphosis of 
the azotized components of the tissues and of the blood, is evidently that 
which, from its being the principal source of the characteristic properties 
of the secretion, is termed TJrea,\ Its chemical relations are stated to be 
best explained upon the hypothesis that it is the diamide of carbonic acid. J 
This substance, as already mentioned (§§ 141, 160), exists preformed in the 
blood in the proportion of from 2 parts (in renal venous) to 4 parts (in 
renal arterial blood) in 10,000. It possesses the power of dialyzing 
through animal membranes with remarkable facility, almost equalling 
carbonate of potash in this respect. § The absolute quantity of urea 
eliminated in 24 hours, varies with age, season, weight of body, food, and 
occupation, and has been made a subject of examination by various 
chemists. The subjoined Table|| gives the results of some of the more 
recent analyses : — 

* T. Gorap-Besanez, ^'Phys. Chemie,” p. 510. 

t Urea (C, N, 0,) contains 46*7 per cent of nitrogen, and is isomeric with cyanate 
- C*0 

Of ammonia (N H 4 0, C, NO), and with carbamide H 

3 : “Miller’s Chemistry,” vol. iii. p. 615. 

^ See Weikart, ♦* Wagner’s Archiv d, Heilkunde,” 1862, p. 119. 

U Partly takep from Dr. Day’s “Physioiog. Chemistry,” 1860. 
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Age in 
Years. 

Weight In 
lbs.avoiTd. 

Grains of 
Urea ex- 
creted in 
2i hours. 

B 

Ditto for 
every 1 lb. 
of body, 
weight. 


Girl. . 





86 -7 

199*8 


6*67 

) 

Boy . . 




7 

49*2 

281*8 

0*81 

6*72 

> Scherer. 

Man . . 




22 

137*8 

416*8 


2*94 

) 

Man. . 




38 

153 -7 

469*2 

0*42 

3 


Boy , . 




3 

29*8 

207*7 

1*03 

6*96 


Boy . . 




4 

31*7 

240*2 

1*08 

7*67 


Girl . . 




5 

36*9 

280*2 

1*08 

7*69 

- EilmmeL 

Youth . 




18 

129*1 

562-1 

0*62 

4*36 

Man . . 




31 

163*7 

604*9 

0*61 

8*69 


Man . . 




65 

127*9 

296*2 

0*33 

2*31 


Boy . . 




3 

35 

66*7 

0*63 

1*9 


Youth . 




16 

107 

305*8 

0*41 

2*85 


Girl . . 




18 

146 

310*9 

0*30 

2*14 

■ Bischoff. 

Woman . 




43 

107 

889-9 

0*28 

3*63 


Man . , 




45 

237 

679*5 

0*36 

2*44 


Man . . 




42 

196 

619 

— 

2*73 

Ed. Smith. 


From an examination of such tables as this we may draw the conclu- 
sions, that the average quantity of urea discharged by a man of good 
bodily health, is about 500 grains per diem ; and that children of from 3 
to 7 years of age excrete, proportionately to their weight, about double the 
quantity of urea per diem excreted by men in adult life, the quantity still 
forther diminishing in old age. 

Season, — ^Dr. Ed. Smith,* in the course of the year, foimd that the 
daily quantity (in himself) varied from 219 to upwards of 700 grains, 
the average upon the whole being 519 grains. The proportion to each 
1 lb. of body-weight was, on the whole average, 2*76 grains. But in 
experiments in prisons, either with or without hard labour, the propor- 
tion varied from 3*72 to 5*82 grains to each 1 lb. of body-weight ; so 
that he is of opinion that the relative proportion is of no scientific value. 
There was increase with diminished temperature and with increased 
atmospheric pressure, and hence variations in the relations of these two 
agencies varied the results. The increase in the elimination of urea with 
cold was often deferred until the following day. The period of elimi^- 
tion is not that of production, and whatever increases elimination of urine 
increases that of urea also. 

. Period of the day . — The greatest hourly elimination of urea, in Dr. 
Smith’s experiments, occurred after the breakfast and tea meals ; whilst it 
was least during the hours of the night and early morning. 

— ^According to Dr. Parkes, the quantity of urea excreted 
every 24 hours, for 1 lb. of body-weight is, for men, about 3^ 
grains; for women, about 3 grains. During menstruation, accord- 
ing to Beigel, the excretion of urea diminishes, but subsequently it is 

increased. j. i j 

Pood. ^Variations in the quantity and quality of the food occamon 

great differences in the proportion of the urea. The following Table gives 
the results of some of the best observers 

♦ “ Proceedings of the Koyal Society” for May 80, 1861, a jsifate anumuninalilon. 
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Lehmann.* * * * 

HaDghton.t 

Wame<^e4 

KdlUkerand 

Fran(iu6.§ 

1. Mixed Diet .... 

601-76 

676 

Han. Woman. 
620 414 

686-7 

11. Highly Animal Diet . . 

821-87 

— 

— 

1420 

III. Vegetable Diet . . . 

847-10 

394 

889-6 810 

447-7 

IV. Non-azotized Diet . . 

287-90 

— 

— 

262-48 


The quantity of urea always increases after food, attaining its maximum 
usually about the 3rd or 4th hour. When an animal is fed on fat and 
water exclusively, or on starch and fat, with a very small admixture of 
albuminous compounds, or on sugar, the excretion of urea falls even 
below the proportion found in absolute starvation, || apparently because 
when no food, or an inadequate quantity of flesh-food, is given, the 
animal consumes some of its own flesh in order to maintain its tempera- 
ture, and thus more Nitrogen is eliminated than when fat is supplied ; for 
this, by combining with the Oxygen, keeps up the temperature, and 
spares the tissues of the animal. Genth^ has shown that an increase in 
the quantity of water drank was followed by a marked increase in the 
quantity of urea eliminated, and this especially if the water were taken, 
not between, but at, meal-times. Certain substances consumed with the 
food increase the quantity of urea excreted ; amongst these are Urea itself 
and Uric Acid, common Salt (Voit), Phosphoric Acid (Bocker), Glycine, 
Guanine, Theobromine, Cubebs, and Cantharides.** * * §§ On the other hand, 
it is diminished by Digitalis, Arsenic, Turpentine, and Alcohol. 

Exertion . — With violent labour, as that of the tread wheel, there was 
in Dr. Ed. Smith’s experiments only an increase of 19 grains daily over 
that of light labour. On Sunday there was an increase with increase of 
food ; but in prisoners without variation of food, with spare systems, and 
with increase in the fasces, there was a decrease. Similar results have 
been obtained by Voit,|| who, in consequence of the very small differences 
which he found to occur in the quantities of urea eliminated in fasting 
animals (Dogs) with and without work, believes that such slight increase 
of urea as really occurs after severe labour, is due to increased thirst and 
ingestion of water, together with increased rapidity of the movements of 
the heart and lungs. Lehmann’s experiments J J showed also that no in- 
crease of urea took place in those engaged in active exercise. 

Frequency of Micturition. — Kaupp§§ has shown that with increased 
frequency of micturition there is an increase in the quantity both of 
urine and of urea discharged in 24 hours. 

Disease . — The amount of urea eliminated increases in the early stages 
of nearly all acute diseases, — ^meningitis, pneumonia, typhus, &c., — indi- 
cating the rapid disintegration of the nitrogenous tissues, and coinciding with 
the period during which increased heat of skin is usually complained-of. 

* Lehmann, “Phys. Ohem.*’ (Cav. Soc. ed.), vol. ii. pp. 450-62, 

+ Haughton, Dublin Quart. Joum.,** 1869. t “ Dub. Med, Press,” 1869, 

§ Vierordt, ** Phys.,” 1860, il Ludwig, p. 881, vol. ii. 

% Untersoch. liber den Sinflilss.des Wassertrink, auf den Stoffwecbsel,” 1866, 

** V. Gorup-Besanez, “Physiolog. Ohem.,”p. 640, 3862. 

ft Henle and Hmssner, 3860, p. 878. 

** Arohiv des Vereins ffir Wissensohaft. Heilkunde,” vol. iv. p. 484, 1860. 

§§ ^-»‘Ai«faivf. Phys, Heilk,,” 1866, 
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During convalescence it graduallj subsides, and may even fell below 
^e nonnal amount. The proportion appears to be remarkably diminiabed 
in some forms of hepatic disease. Thus Frerichs,"^ in a case of acute 
atrophy of the liver, found no trace of urea in the urine, but in its place 
ieucin and tyrosin. In another case, recorded by Vogel, of cancer of 
the liver, scarcely one-fourth of the normal quantity of urea was feund in 
the urine ; and Heller has shown that the proportion of urea is diminished 
in chronic nervous affections, and in anaemise, however produced.f 

893. Next in importance to urea among the organic products 
of the metamorphosis of the azotized constituents of the tissues or of the 
blood, but ordinarily bearing a very small proportion to it (1 : 50 or 60) 
in quantity, is Uric Acid (0^^^ 0^). This compound contains 33 

per cent of nitrogen. The variations in the daily quantity eliminated 
are considerable ; and, according to Ranke, whilst in great measure in- 
dependent of differences in age, sex, height, weight, or temperature, stand 
in close relation with the ingestion of food, diminishing with abstinence, 
and materially rising soon after meals. Prof. Haughton found the average 
quantity eliminated by those consuming animal food to be 4*55 grains 
per diem, whilst vegetarians discharged only 1*48 grains. It is diminished 
after the use of Alcohol (Hammond), and after the administration of 
Quinine (Ranke), and is totally absent when large draughts of water have 
been taken (Genth). It is increased after the free use of Tobacco (Ham- 
mond), and after the consumption of certain substances introduced into 
the food, as Glyciii. A marked increase has been observed in intermittent 
fevers, in Leukaemia, in Peritonitis, Phlebitis, and some chronic renal and 
spinal affections. Uric Acid is found in the spleen-pulp in considerable 
quantities, and also in the lungs, liver, pancreas, and brain ; in the juice 
of muscles, and in small quantities in the blood (Garrod) in the form of an 
acid urate of soda or ammonia.^ It seems, therefore, to be very gener- 
ally present where active interstitial changes are taking place. The pre-- 
cipitation of Uric acid (usually in combination with potash, soda, and 
ammonia, and perhaps sometimes with lime), which frequently takes 
place on the cooling of the urine, must not be regarded as indicative of 
the presence of an unusual amount of this substance; since it may 
depend upon other conditions. It seems to have been clearly proved by 
Dr. Bence Jones, § that there is no relation whatever between the acidity 
of the urine, and the absolute amount of Uric acid which it may contain ; 
for in the urine which is most acid, and which deposits the largest uric- 
acid sediment, very little uric acid may really exist ; whilst that which 
contains most uric acid may hold it in perfect solution, and may have 
but a feeble acid reaction. The main cause of the deposit of Uric-acid 
sediments, is doubtless the presence of some other acid ; for the addition 
of Bii'f acid to healthy urine passed soon after food, is always su^^cient to 
produce it. But the deposit takes place less readily if the temperature 
of the fluid be high, since the solvent power of the acid phosphate of soda 
is then more strongly exerted ; so, on the other hand, a deposit often takes 
place in urine which would not otherwise exhibit it, through an unusual 
reduction in its temperature, as by exposure to the cold air of a sleeping- 

* ‘^Beutfich-KHnik,” 1855, p. 81. t Omelin, toI. viii. p. 

t Thudiohnm, “ Pathology of the Urine,” P-91. 

§ See hid * Contributiond to the Chemistiy of the Urine, m Pbilod. Trand.,” 1849. 
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TOom in the wint^. the deposit of mic-acid sedim^t is &roured 

1)7 oono^tratkm of the Hquid, whi<^ thus augments the proportion of the 
urate to the *water, and at the same time intensifies the acid reaction ; 
and thus urine whose constituents are otherwise normal, may throw 
down a copious deposit of this kind, merely from deficiency of water ; 
whilst an unusual amount of uric acid may be really present without 
being deposited, — ^the urine, too, exhibiting its ordinary acidity, — ^if the 
proportion of water be large. Thus the uric-acid sediment may be 
regarded as dependent upon three concurrent conditions : — (1) Decrease 
of temperature ; (2) Increased proportion of uric-acid compound to the 
water, positively or relatively ; (3) Increased acidity of the urine. Some- 
times one condition is most influential, sometimes another ; but they are 
all usually concerned in some degree. — There are many diseases, especially 
those of a febrile nature, in which the presence of an excess of uric acid 
is a very marked symptom ; there is often, at the same time, a reduction 
in the proportion of urea ; and thus it would seem that, with perhaps 
an augmented tendency to disintegration of the tissues, there is an inca- 
pacity for the performance of that higher process of oxidation, which is 
requisite for the genesis of urea; so that a larger proportion of the 
products of the ‘ waste ’ passes-off in the state of uric acid, as in animals 
whose respiration is feeble. — The proportion of Hippuric Acid 
(Cjg Hg NOjj + HO) present in the urine appears to be in great measure 
dependent upon the nature of the food and upon the amount of exercise. 
According to the researches of Weissmann and Thudichum, it amounts 
to between 80 and 40 grains per diem on a mixed diet. On a purely 
animal diet, it falls to about 12 grains per diem; whilst it rises consider- 
ably when vegetables alone are consumed. As might be anticipated, 
therefore, a large quantity of this acid is constantly present in the urine 
of Herbivora, but only traces exist in that of Carnivora. Both Mack and 
Koussin found that Horses at rest pass much urea and little Hippuric 
acid ; but when at work, the quantity of Hippuric acid equalled or ex- 
ceeded that of urea, the absolute quantity of the latter undergoing a 
diminution equal to the increase of the Hippuric acid. As urea is one 
of the ultimate products of oxidation in the body, whilst Hippuric acid 
is very imperfectly oxidized, it would seem that during violent exertion 
the due oxidation of the secondary nitrogenous compounds produced by 
the disintegration of the tissues is interfered with, perhaps by the diversion 
of the oxygen to form carbonic acid, the quantity of which has been 
shown by Dr. Ed. Smith to be so notably increased by all kinds of mus- 
cular exertion ; or we may, with more probability, suppose that the lungs 
are unable to eliminate the whole of the carbon of the disintegrated tissues 
in the form of CO^, and that a part of the carbon is consequently dis- 
charged by the kidneys in the form of the richly-carbonized compbunds, 
Hippuric or Benzoic acids. The quantity of Hippuric acid eliminated can be 
greatly increased by the administration of Benzoic, Succinic, Cinnamic, or 
Kinic acids, or of Oil of bitter almonds.* The transformation of Benzoic 
into Hippuric acid appears to take place at the liver, as it does not occur in 
jaundiced patients, or in dogs in whom the ductus communis choledochus 
has been tied, the B^azoic acid then passing-off unchanged . — Creatine 
and Creatinine may be obtained by the action of Chloride of Zinc on 
♦ 3ee Hatsohenky, Virchow’s Archir,” 1868, p. 628. 
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conmti^M tirine ; but the reseaidbel rf himrie ahow tlun no 

Creatme is present in fresh urine, that tpMdh formerly obtained being 
in fhct produced by the decomposition of the Qiloride of Zinc coanpoundt 
the Creatinine of which takes up and is converted into Oreatme«f 
The quantity of Creatinine daily eliminated by a healthy man, living oil 
a good mixed diet, was found by Neubauer to vary from 9 to 20 graina. 
Creatinine is the most powerful organic base in the body. Creatine can 
be readily converted by boiling with Baryta water into Sarcosine and 
Urea.J — Scherer and Neubauer found a small quantity of Xanthine was 
usually present in human urine. From 600 lbs. of Urine the latter 
obtained 15 J grains, and from the same quantity 247 grains of Benzoio 
acid. — The colouring matter of the urine has been shown by Dr. G. 
Harley to proceed from the Haematin of the blood. He terms it 
Urohsematin. It contains iron, is insoluble in the strongest mineral 
acids, but dissolves in solutions of ammonia, potash, and soda, and in 
alcohol, ether, and chloroform. He has resolved Urohaematin into a 
resin and two other substances. Schunck and Carter § consider the 
colouring matter of the urine to be a modification of Indigo, and believe 
that the terms employed by Heller || of Uroglaucin, Urrhodin, and 
Uroxanthin, indicate respectively Indigo-blue, Indigo-red, and Indican. 
All these substances, as well as those included under the general term of 
Extractives, contain considerable proportions of carbon, whilst they are 
comparatively poor in nitrogen ; so that their increase will be favoured 
by an excess of carbonaceous food, an imperfect action of the liver, and a 
low degree of respiration ; whilst, on the other hand, a highly-azotized 
diet, especially if combined with active exercise, will tend to their reduc- 
tion. — The odour of the urine appears to be due to the presence of 
minute quantities of the volatile acids, termed by Stadeler Phenylic (or 
Carbolic, H^ 0^, HO), Taurylic (C^ Hg OJ, Damaluric (Cj^ H^^ O 3 , HO), 
and Damolic, the composition of which last is unknown. 

394. Besides its organic materials, the Urine contains a considerable 
amount of Saline matter ; the excretion of which, in a state of solution, 
appears to be one of the principal oflSces of the Kidney. Various saline 
compounds are being continually introduced with the food ; and others 
are formed within the system, by the oxidation of the Sulphur and 
Phosphorus of the tissues or of the food, and by the combination of the 
sulphuric and phosphoric acids thus formed, with alkaline and earthy 
bases which the food may contain, usually in a state of combination with 
weaker acids which are otherwise disposed-of. Thus the saline com- 
pounds found in the urine are to be regarded as partly proceeding from 
the retrograde metamorphosis of the materials of the tissues, after these 
have served their purpose in the economy, and partly from that of such 
components of the food as, being superfluous, do not undergo organization. 
But the Kidney also serves as the channel for the elimination of sdine 
Compounds introduced into the system per se ; these being Bometimee 




^ Vogel and Neubauer, '‘On the Urine,” New Syd. Soc. Tranel., 1863, p. 18. 
h Creatinine C. H, N, 0- + 4HO becoming Creatine C^ H., N, 0,. 
t Creatine C. H„ N- 0 ^ becoming Urea C 3 H 4 N, 0, and Swcosiim 0* H, W 4 . 

} “Memoirs 0 / Manchester Med. Soc,,” vol. xiv. p. 293. See also Kletem^y, 


Heller^B Arohiv,” vol. vi. p. 414. 

il ** Arobiv f. Chem. und Mikroskop., band 11 . pp. 161-178. 
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ziqMdljr ppesent in tlie body, but ingested in too large an amount, as is 
often the case with common Salt ; whilst, on the other hand, they may 
be altogether foreign to the composition alike of its solids and its fluids. 
-^The Alkaline Sulphates usually constitute, as we have seen (§ 391), 
at least 10 per cent of the whole solid matter of the Urine. Being always 
in solution, however, they never make their presence known by the forma- 
tion of sediments, and are only to be detected by chemical tests. The 
causes which influence their amount have been carefully studied by Dr. 
Bence Jones ; who has shown that they vary (like urea) with the amount 
of food ingested, and with the degree of nervo-muscular activity put-forth ; 
as might be anticipated from the fact, that, under ordinary circumstances, 
the sulphuric acid is entirely formed within the system, by the oxidation 
of the sulphur of the protein-compounds, the bases being furnished by the 
alkaline carbonates or phosphates of the blood. When sulphuric acid or 
soluble sulphates are taken into the system per se, they partly find their 
way out of it by the Kidneys ; the proportion of sulphuric acid in the 
urine being for a time augmented, although the increase is not consider- 
able until some hours have elapsed after the introduction of these sub- 
stances into the stomach.* — The amount of Alkaline Phosphates in the 
Urine is usually about half that of the alkaline sulphates. The acid of 
these also is ordinarily generated within the system, by the oxidation of 
the phosphorus originally introduced in the protein-compounds; and thus, 
as in the case of the sulphates, the quantity of them which is excreted 
by the urine bears a certain relation to the amount of these compounds 
ingested as food, and also to the amount of muscular tissue which has 
undergone disintegration by exercise. But it further appears that there 
is a special relation between the quantity of the alkaline phosphates in 
the urine, and the amount of disintegration of the nervous tissue ; as 
might have been suspected from the fact, that this tissue is distinguished 
by the very large proportion of phosphorus, united with fatty acids, 
which it contains. And a marked increase of these salts is observed in 
those inflammatory diseases of the brain, in which there is reason to be- 
lieve that an unusually-rapid disintegration of its texture is taking place.| 
— The Earthy Phosphates usually bear but a small proportion to the 
Alkaline ; but their presence in the urine comes to be of great import- 
ance with reference to the precipitates which they form in particular 
conditions of that secretion. From the researches of Dr. Bence Jones 
(loc. cit) it appears, that the quantity of these phosphates in the urine 
chiefly varies with the amoimt of them contained in the food, into many 
articles of which they enter largely ; but he has also ascertained that 
their formation within the system is determined by the presence of their 
bases ; for if any earthy salt, a little chloride of calcium or sulphate of 
magnesia for instance, be taken into the system, the quantity of earthy 
phosphates in the urine undergoes an increase. The small quantity of 
carbonate of lime taken into the ^stem with the food, or set-free by the 

* Dr. Bence Jones In “Philosophical Transactions,” 1849. 

f See Dr. Bence Joneses valaable series of Papers in the ** Philosophical Transactions” 
for 1845, 1847, and 1850, and in the **Medioo<Ghinirgioal Transaetious” for 1847 and 
1850. — It is canons to obserre, that whilst the increase in the alkaline phosphates in 
lo^mmator^ afifections of the neryous centres is very marked, there appears to be a 
pojutire dinunation of them in Deiiriam Tremens. A certain allowance must be made, 
]u>wttw, for the id?8tuienoe from food, which will of itself ocoa^don a redncMon in the 
f ei;creted. 



THE KIDNEYS. — SECBBTION 0^ tTHINE. 


4ia 


slow disintegration of the osseous tissue, is probably esccreted in Han 
almost entirely in the form of phosphate ; although of the much larger 
amount ingested by herbivorous animals, a considerable proportion is 
excreted in the urine in its original state. The Earthy Phosphatef^ 
altho^h insoluble in water, are soluble in all acid liquids ; and they are 
held in solution in Urine, like the urates, by the acid phosphate of soda. 
Their precipitation in an alkaline state of the urine is owing to the want 
of this solvent, not to an excess in their production ; for, as Dr. Bence 
J ones has pointed-out, that excess of alkaline and earthy phosphates in 
the urine which constitutes the true ^ phosphatic diathesis,’ is generally 
coincident with a highly-acid state of the urine. — The only other inor- 
ganic saline constituent of the Urine, whose quantity gives it import- 
ance, is Chloride of Sodium. By far the larger proportion of this is 
doubtless derived directly from the food ; but little being furnished by 
the disintegration of muscle, which will set-free potash rather than soda. 
The amount eliminated by the urine is consequently subject to great 
variation, it being the function of the Kidneys to remove whatever is 
superfluous, so as to prevent the blood from becoming overcharged with 
this substance. Of the chloride of sodium introduced as food, a part 
appears to undergo decomposition in the system, whereby hydrochloric 
acid is furnished to the gastric fluid, and soda to the bile ; much of this 
acid, however, must reunite with its base in the alimentary canal, so 
that the chloride of sodium thus' regenerated will be absorbed with ihe 
products of the digestive operation. — Although Nitric Acid can scarcely 
be regarded as a normal constituent of the Urine, yet the investigations 
of Dr. Bence Jones’'^ appear to show that it is formed by a combustive 
process within the body, whenever ammoniacal salts are introduced into 
the system ; its amount, however, being very small. He has also found 
that it is generated after the ingestion of small quantities of urea ; a fact 
which affords some confirmation to the doctrine of Frerichs (§ 388), that 
urea may undergo decomposition into carbonate of ammonia, whilst still 
circulating in the current of blood. — The presence of Oxalic Acid in the 
urine (in combination with Lime) has been usually regarded as a patho- 
logical phenomenon, consequent upon an irregular performance of the 
retrograde metamorphosis of the tissues; but there can be no doubt that 
it may also result from the presence of soluble salts of oxalic acid in 
certain articles of vegetable fbod.f — The Gases found in the Urine have 
been examined by Planer f and Bernard. § Planer found in one instance 
7, and in another 16 per cent of gas. The following Table gives the per- 
centage composition of the gases obtained : — 



* “Philosophical Transactions,” 1851.— It is right to state, however, that this doctrine 
has been called in question by some eminent authorities, who deny the validity of the 
test for nitric acid employed by Dr. Bence Jones. 

+ See Dr. Golding Bird on “ Urinary Deposits. 

tv. Gorup-Besanez, “Physiolog. Chem./* 186^ p. 526. 

§ “Lemons,” vol. i., 1859, p. 847. 
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<ma4}aM of the oatboniq acid was combined, l^e remmning two* 
itoda were free* * 

895. The ordinaxy acid reaction of the Urine appears to be due, not to 
^e presence of any free acid, but to the conversion of the basic phosphate 
of scwia into the acid phosphate, by the subtraction of a part of the base, 
which occurs when uric, hippuric, lactic, or other free acids come into 
contact with the former substance. There is no* adequate reason to be- 
lieve, that, in the healthy state, there is ever any other cause than this ; 
although in morbid urine, free organic acids are almost certainly present.* 
It has been diown by the researches of Dr. Bence Jones,! with whose 
observations those of Roberts^ generally agree, that the acid reaction is 
far from being constant in its degree, even when an ordinary mixed diet 
is steadily employed ; for that it varies at different periods of the day, 
increasing and decreasing inversely with the acidity of the stomach (§ 85). 
Thus the acidity of the Urine decreases soon a:^r taking food, whilst 
that of the Stomach is increasing, and attains its lowest limit about three 
to five hours after a meal, when, therefore, absorption is being most 
actively performed. An alkaline reaction is often observed in the urine 
at this period, which, according to Dr. Roberts, is due to the presence of 
fixed aflsali ; § this occasions a precipitation of earthy phosphates, ren- 
dering the urine turbid, though the quantity of uric acid at this period 
is always large. The acidity then gradually increases, whilst that of the 
stomach is decreasing ; and attains its highest limit after a fast of some 
hours, when the stomach is quite empty, and its secretion neutral. If 
no food be taken, the acidity does not decrease, but remains at nearly the 
same point for ten or twelve hours. When animal food was alone em- 
ployed, the diminution of the acidity after a meal was more marked and 
continued longer than when a mixed diet was eaten (apparently on account 
of the greater demand for acid in the stomach) ; and the acidity did not 
rise quite so high after fasting, as with a mixed diet. On the other hand, 
when the diet was purely vegetable^ the diminution of the acidity of the 
urine was never such as to render it absolutely alkaline, although its 
acidity was reduced to the point of neutrality ; and the increase of its 
acidity after fasting was sometimes very considerable, though by no means 
so marked as the decrease of alkalescence. — These diurnal variations in 
the acidity of the urine make it highly probable, that corresponding 
variations occur in the alkalescence of the blood ; such diurnal variations 
being produced by the quantity of acid separated from it, and poured 
into the stomach for the purpose of dissolving the food. The introduction 
of dilute sulphuric acid into the stomach, even in large doses, was not 
found to produce any decided change in the acidity of the urine ; the 
only perceptible effect being a slight diminution of the decrease which 
takes place after taking food, and a slight augmentation of the increase 
after fasting. On the other hand, the use of liquor potassae in large doses 
lessens the acidity of the urine, preventing it from rising after fasting to 
the height it would otherwise attain, and increasing its alkalescence after 
a meal ; but it does not render the urine by any means constantly alka* 

* See Fret Lebmann*B Physiological Chemistry*’ (Cavendish Society’s ed.k voL ii. 
pp. i04*406. 

i* ** Philos. Tzaiisaot.,” 1849. 

t “ Hemoiis o£ Maaohester PhU. So^ty,” 1859. 


S Ibid. 
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line, nor does it hinder the variations produced 1:^1he state Of the stomach 
from being very evident. Tartaric acid in large doses temporarily in- 
creases the acidity of the urine, causing it to rise considerably higher than 
usual after a last, but not preventing that which is passed a few hours 
after food from becoming alkaline. Tartrate of potash in large dos®3, on 
the other hand, has a marked effect in rendering the urine alkalescent ; 
still, it does not prevent the usual recurrence of the acidity some hours after 
a meal. — The Urine of Herbivorous animals is almost invariably alkaline; 
partly because their food contains a large quantity of alkaline and earthy 
bases, in combination with citric, tartaric, oxalic, and other acids, which 
are decomposed within the system ; and partly because the amount of 
sulphuric and phosphoric acids, generated as products of the oxidation 
of the elements of the tissues or of the surplus-food, is not sufficient to 
neutralize them. Such is the condition which occasions the alkalinity of 
Human Urine, when a portion of the acid which would otherwise show 
a predominance is directed into another channel ; and it is exaggerated 
in those states, in which, either from the irritating nature of the food, 
or from the irritable condition of the stomach, an undue quantity of acid 
is poured-out into that viscus ; so that, its reaction being habitually acid, 
that of the urine becomes habitually alkaline. Such a state of the urine 
must be carefully distinguished, as Dr. Bence Jones has pointed-out,’* 
from that in which the alkalescence is due to the presence of volatile^ 
and not to that of fixed alkali ; the difference being easily recognizable 
by the influence of the liquid upon reddened litmus-paper, for the 
restoration of its blue colour is permanent in the latter case, but only 
transitory in the former. The alkalescence due to the presence of volatile 
alkali is due to the decomposition of urea, whilst the urine is yet within 
the bladder, through the agency of morbid secretions of that viscus ; and 
it disappears when this organ returns to its healthy state. On the other 
hand, the alkalescence from fixed alkali proceeds from disordered action 
of the stomach, which is usually connected with disorder of the general 
system ; and it persists until this can be remedied. In both forms of 
alkalescence, there is a precipitation of earthy phosphates ; but in the 
alkalescence from fixed alkali, the precipitate usually consists almost 
entirely of phosphate of lime ; whilst in that from volatile alkali, the 
amorphous sediment of phosphate of lime is mingled with prismatic 
crystals of the phosphate of ammonia and magnesia. These precipitates 
may be obtained from healthy urine, by adding to it a solution of potash 
or of ammonia ; and the decomposition of such urine, which begins to 
take place very soon after it leaves the body, gives rise to the same precipita- 
tion, by the production of carbonate of ammonia at the expense of its lurea. 

396. Thus, then, we have seen that the Kidneys serve as the special 
instruments for depurating the Blood of those highly-azotized compounds, 
which are formed in the system by the decomposition of the materials of 
the albuminous and gelatinous tissues, and ato by that of the non-assi- 
milated components of the food. We have seen also, that they serve for 
the removal of certain excrementitious compounds, of which is a 

principal ingredient ; and these, although normally present in but small 
amount, may undergo a marked increase in disease, ejapedaliy when ihe 


« Medical Times,’’ Dee. mU 
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liwr ia inBoffioiently performing its fonctioixs, or the respiratory process 
is obstructed. Further, we have been led to regard the Kidneys as the 
emunctory, not only for the superfluous water of the blood, but also for 
those saline oompoimds, which, having been introduced into the system 
or generated within it, in larger amount than is compatible with the 
normal constitution of the blood, or than is required for the reparation 
of the solids of the body, or for the production of its fluid secretions, are 
only fitted for elimination (§ 330). On this point a very elaborate series 
of researches was made by Wohler,* who showed that of the soluble salts 
taken into the circulation, those are most readily excreted which produce 
a determination of blood towards the kidneys, whereby an increased 
quantity of liquid ia filtered-off through the outlet which they afford. 
This statement is to be extended from saline compounds, to such other 
soluble matters as are not eliminated by preference through other chan- 
nels, or are present in too large an amount to find their way out thence 
with suflicient rapidity, as Sugar and Lactic acid. In like manner, too, 
the system makes an effort to free itself (so to speak) from various sub- 
stances altogether foreign to it, which have been introduced into the cir- 
culating current by absorption, and which would be injurious if retained ; 
the rate at which it does so, being in a great degree dependent upon the 
functional activity of the Kidneys (§§ 202, 203). 

397. It is a most important fact, in a Dietetic and Therapeutic point 
of view, that the metamorphic process, of which the greater part of the 
"constituents of the urine are the products, should be capable of retarda- 
tion or of acceleration by the presence of other substances in the blood. 
The former appears to be the operation of theiney which is the active 
principle of Tea and Coffee ; for according to the observations of Dr. 
Bockerf upon the former, and of Dr. Julius Lehmann^ upon the latter, a 
very decided decrease shows itself in the amount of urea and of phos- 
phoric acid excreted in the urine, when these beverages are employed, as 
compared with the amounts of the same substances when the general 
regimen was as nearly as possible identical in other respects, but plain 
water was substituted as a drink. The difference ia much greater in 
the case of Coffee than in that of Tea, amounting generally to as much as 
one-fourth ; thus : — 

Urea. Phosphoric acid. Common sidt. 
grcmmea, grammeB, grammea. 

H. 8., without coffee, voided .... 31 298 4 ‘421 9*865 

„ with coffee from li oz. of beans . 21*888 8*001 8*819 ^ 

Difference .... 9*410 1*420 1*046 

It appeared from other experiments, that neither caffeine nor the empy- 
reumatic oil, separately administered, produce the same effect as coffee 
itself. Hence it appears that the use of Tea or Coffee, by retarding the 
‘ waste’ of the system, diminishes the demand for food, and makes a 
limited amount of it go further ; § and this conclusion seems fully borne 

• Muller’s ** Elements of Physiology,” translated by Baly, p. 589. 

f Archiv des Vereins ftir gemeinschaftiichen Arbeiten zar Forderung der Wissen- 
•dhalblichen HeUknnde,” 1854. 

4) " Annalen der Chem. und Pharm.,” band ixxxvii. 

i Dr. Ed. Smith Proceed, of Eoy, Soo.,” 1861) found the decrease in the elimi- 
wMxm int urea after the u^e of tea (which had the greatest effect) and coffee, to be bnt 
liSl^tbr marked after the first day or two* 
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out by experience.* — The like results happen, according to Dr. Bocker,f 
under the use of small quantities of Alcohol frequently repeated; as 
much as 13^ grammes less urea being excreted daily, when a tea-spoonful 
of proof-spirit was taken seven or eight times a day, than when water 
alone was drank. It does not hence follow, however, that Alcohol can 
be used as advantageously for this purpose as Tea or Coffee ; in fact, it 
may be doubted whether it is so much by diminishing the ‘waste’ of 
matter, as by interfering with the due elimination of its products, that 
Alcohol occasions a diminution in the weight of the urinary solids. For, 
although it does not appear to effect any marked diminution, but rather 
an increase in the elimination of certain forms of excrementitious 
matter which have been received back into the blood, and especially of 
the hydrocarbonaceous products (§ 288, vi.), yet very cogent evidence is 
supplied by the experience of Zymotic diseases, that the very same cause 
produces an accumulation of fermentible azotized substances in the 
blood (§ 52). — It seems not unlikely that the almost instinctive craving 
for Tobacco among a large proportion of mankind, arises out of its pos- 
session of a power of retarding the metamorphosis of the tissues ; since 
we find that men, when supplied with this article, can far better 
sustain being put upon a short allowance of food, than when destitute 
of it. 

398. Of the substances that accelerate the metamorphosis of the tissues, 
and thus augment the solids of the urine, the Alkalies and their car- 
bonates and Chloride of Sodium are those whose action is best known ; 
these (with such of their salts as are formed by acids which are decom- 
posed in the blood into the carbonic, such as the acetates, tartrates, and 
citrates) have a powerful solvent action on the albuminous compounds 
generally, and tend to break-up these compounds into simpler forms of 
combination. Hence it seems likely that their presence in the Blood in 
increased amount, will tend to hasten the retrograde metamorphosis of 
the tissues ; their chemical force being exerted, not merely upon those 
which are already in a state of disintegration, but also upon those which, 
being disposed to degenerate, cannot exercise that resisting power which 
they possess when in a state of complete vital activity. The operation 
of Liquor Potassae in health, in acute rheumatism, and in chronic dis- 
eases, has been carefully studied by Dr. Parkes;f and he has given 
satisfactory evidence that it causes an increase in the solids of the urine 
^nerally, but especially in the urea and in the amount of the sulphuric 
and phosphoric acids ; thus clearly showing that it hastens the me- 
tamorphosis of some of the albuminous structures of the body. The 
increase was more marked, as might be expected from what has 
been just stated, in the cases of chronic disease, than in ordi- 
nary health. The following comparative Tables show the relative 
amounts before, during, and after, the employment of liquor po- 
tassse, in (i.) a case of chronic Eczema, and (ii.) a case of chronic 
Phthisis : — 

* Voit, from experimenta with coffee on ado/jr, was led to a different residt ; and con- 
idders that this substance possesses but little influence on the excretion of urea. See 
Henle and Meissner, ^^Bericht,” 1860, p. S47. ■ 

+ Op. cit., 1868. 

t* Brit, and For. Med.-Chir. Beriew/* vols. xL, xiii., xiv. 



418 OF SBCRETIOH AND EXCEETION. 

Suhhwrio Fhotphoric 

I. 8oUd%. Urea. Acid. Acid. 

Before liq. Pot. ... * «60*1 871-5 29*2 10*6 

Baring 689‘6 454*5 83*5 15*4 

After 527*2 872*8 29*0 10*9 

II. 

Before Liq. Pot. .... 608*2 868*8 18*6 9*9 

Baring 781*7 408*8 20*9 14*5 

After 643*9 271*5 16*9 9*7 


A similar Table has been given by Dr. Golding Bird,* of the entire con- 
stituents of the secretion passed during 24 hours, before and after the 
administration of three drachms of acetate of potash : — 


before Medicine. After Medicine. 

Quantity of Urine fl 5 xvi. fl 5 xlvi. 

Specific Gravity 1*025 1*017 

Total Solids 416 grs. 782 grs. 

Uric Acid 2*6 grs. 6*5 

Urea 130*6 „ 202*4 

Other Organic Compounds . . 189*3 ,, 295*5 

Soluble Salts 72*0 ,, 248*4 


Insoluble Salts 21*6 ,, 32*2 

The increase (176*4 grains) in the quantity of ‘ soluble salts,’ is to be 
chiefly set-down to the account of the medicine taken-in ; but the whole 
remainder of the augmentation seems fairly attributable to the increased 
metamorphosis. — It does not appear, however, that the excretion of the 
urinary solids is augmented by those ‘ diuretic ’ medicines, which cause a 
larger amount of liquid to be passed-off through the Kidneys, merely by 
determining an increased flow of blood to them. On the contrary, it 
would seem as if, by producing congestion and irritation, they sometimes 
interfere with the normal process of secretion ; so that the quantity of 
solid constituents is actually decreased, notwithstanding the large aug- 
mentation in the watery part of the urine. This very important fact 
has been demonstrated by Prof. Krahmer,*]' who gives the following as 
the result of his observations upon the amounts excreted in 24 hours, 
after the administration of diuretics to persons in health : — 


Total SoUda Organic Inorganic 

Medievne given. in Urine. Compounda. Compounda, 

None 2*40 oz. 1*28 oz, 1*13 oz. 

Juniper 2*12 ,, 0*94 ,, 1*18 ,, 

Venice Turpentine . 1*94 „ 1*11 ,, 0*83 ,, 

SquUl 2*25 „ 1*04 „ 1*21 „ 

Bigitalis .... 2*45 ,, 1*28 ,, 1*17 ,, 

Gualacum .... 2*43 ,, 1*38 ,, 1*06 ,, 

Colcbicum .... 2*82 ,, 1*36 ,, 0*96 ,, 


Similar results have been obtained by Dr. Golding Bird. — It seems highly 
probable that the ^ critical evacuations’ of urine, as of sweat, or feecal 
matter, on which the older physicians were accustomed to lay great stress, 
are really charged with noxious substances, of which the blood is thus 
depurated ; and that great benefit would frequently arise in practice from 
the use of the ‘ alterative diuretics,’ as suggested by Dr. G. Bird, where 
(as in chronic rheumatism, gout, &c.) there is reason to believe that a 
quantity of mal-assimilated matter exists in the system, of which it is 

* See bis * Leotures on the Influence of Researches in Organic Chemistry on Thera* 
penticai,’ in **ICe4ioal Gasette,” 1848, vol, xlii. p. 230. 

t « Heller’s Artfliiv,” Bee. 1847. 
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important to get-rid. In many anch cases, indeed, clinical observation 
had already established the benefit derivable from snch medicines, with- 
out affording the rationale of it. 


4. Of the Skin ; — Cutaneous Transpiration, 


399. The Skin is the seat of various secretions, — as the Sebaceous, 
Ceruminous, and Odoriferous, — ^for each Pio. 87. 

of which it is provided with special organs ; ^ 

but these have reference chiefly to its own 


protection, or to some other local pur- 
pose ; and the only one which can be re- 
garded as truly excrement Itious^ is the 
Transpiration of aqueous fluid, holding 
certain matters in solution. The elimi- 
nation of this fluid from the blood is 
effected by the Sudoriparous glandula? 
(Fig. 87), which essentially consist of 
long convoluted tubes (< 2 , a), rarely single, 
but usually multiplied by repeated dicho- 
tomous subdivision (5), sometimes also 
giving-off short csecal processes before 
their termination . These are seated rather 
beneath the Corium, in the midst of the 
subcutaneous adipose tissue, than in the 
substance of the skin itself. All the tu- 
buli of each gland imite so as to form but 
one duct; and this passes upwards through 
the Cutis and Cuticle, in a somewhat 
corkscrew-like manner (c), to open upon 
the surface of the latter (d^), which it 
usually reaches obliquely, so that the 
outer layer of the Epidermis forms a sort 
of little valve, which is lifted by the se- 
creted fluid as it issues forth. These 
glandulae are diffused in varying propor- 
tions over the entire surface of the body. 
According to Mr. Erasmus Wilson, ♦ as 
many as 3528 of them exist in a square 
inch of surface on the palm of the hand ; 
and since every tube, when straightened- 
out, is about a quarter of an inch in 
len^h, it follows that, in a square inch of 
skin from the palm of the hand, there exists 
a length of tube equal to 882 inches, or 73^ 
feet. The number of glandule in other 
’ kin is sometimes greater, but 
is generally less than this ; and, accord- 
ing to Mr. Wilson, about 2800 may be 
taken as the average number of pores 



Sudoriparous Gland frotn the palm of 
the ha>nd^ magnified 40 diam. a. eoS' 
torted tabes, oompoaiug the glftno, an4 
onlfing la two excretory daot8.o»6, which; 
unite into one spiral oa^ that pemrs^ 
the epidennls w e, snd opienf on its eor* 
faoe at d ; the gland la Imhedded In hit- 
voiioleSf which are seen st e. 


* ''On the Management of the Skin/' 8fd edit ]»« 87. 
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in each square inch thronghont the body. Now the number of square 
inches of sur&ce, in a man of ordinary stature, is about 2500 ; the total 
number of pores, therefore, may be about seven millions ; and the length of 
the perspiratory tubing would thus be 1,570,000 inches, or nearly 28 miles. 

400. Although a separation of fluid by this extensive glandular appa- 
ratus is continually taking-place, yet this fluid, being usually carried-off 
in the form of vapour as fast as it is separated, does not ordinarily accu- 
mulate so as to become sensible. If, however, from the increased amount 
of the secretion, or from the condition of the surrounding air, the whole 
fluid thus poured-out should not evaporate, the residue forms minute 
drops upon the surface of the skin. Thus the Sudoriparous excretion 
may take the form either of sensible or of insensible transpiration ; the 
latter being constant, the former occasional. When collected in the fluid 
state, sweat is a colourless liquid, possessing a peculiar odour according 
to the part of the skin from which it is obtained, and more or less turbid 
from the presence of sebaceous matter and epidermal scales, which consti- 
tute from 0*2 to 0*3 per cent of the whole amount of the excretion. Its 
reaction is usually acid, though Gillibert and Favre found that after pro- 
tracted sweating it became neutral or even alkaline. Its acidity appears 
to be due to the presence of certain volatile acids, as the acetic, butyric, 
and formic ; to which, and possibly to the metacetonic and capric acids, 
we are probably to attribute the sour smell which it possesses in some dis- 
ordered states of the system. The substances which have been found to be 
constant constituents of the sweat are, water, fat, various Volatile fatty acids 
in addition to those already mentioned, urea and inorganic salts, amongst 
the chief of which are the chlorides of sodium and potassium, the alkaline 
phosphates and sulphates, the earthy phosphates, and iron. That it is a 
true secretion, and not a mere transudate, is shown by the entire absence 
of albumen. Other constituents of the sweat, whose presence is not con- 
stant, or the nature of which has not been satisfactorily determined, are, 
the salts of ammonia, of lactic acid, and of the hydrotic acid of Favre, and 
certain pigmentary substances of various shades. In disease, uric acid, 
grape-sugar, albumen, and biliary colouring matters, have been found ; and 
when taken with the food, benzoic acid (partly converted into hippuric), 
succinic, cinnamic, and tartaric acids, with iodine and iodide of potassium, 
have been recovered in the sweat. Funke calculates that about 1 1 grains 
of nitrogen are daily eliminated by the skin through the desquamation of 
the epithelial scales. He also found urea (the presence of which was first 
observed in the sweat by Dr. Landerer*) to be a constant constituent. In 
one experiment, the entire quantity of perspiration for the whole body for 
1 hour, being 3320 grains, 6^ grains were found to be present. If the 
secretion had continued at the same rate for 24 hours, 157J grains of 
urea would have been eliminated, containing 73^ grains of nitrogen. 
Under ordinary circumstances, however, it is probable that a very much 
smaller quantity is thus eliminated. From the general uniformity in the 
proportion of solids to 100 parts of sweat, observed by Funke, it is obvi- 
ous that, with an increase in the quantity of fluid excreted by the skin, 
there is also an augmented excretion of solids; and to the deficiency 
which is thus j^oduc^ in the salts of the blood may be partly assigned 
the debilitating efiects of profuse perspirations. Other causes, however, 

♦ “ Heiler *0 Archiv,” bwid iv. p. 196. 
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probably concur in producing those effects. Thus the great &tigue which 
is experienced as a consequence of muscular exertion in a heated atmo- 
sphere, may fairly be set down to the diminished activity of the respira- 
tory process at high temperatures (§316, i.), and the colliquative sweating 
of hectic fever is obviously not a cause but a consequence of, though it 
may also react upon and increase, the debilitated state of the general system. 
The proportion of solid matter contained in different specimens differs very 
greatly; thus, according to Anselmino, it varies between 6 and 12*5 parts 
in 1000 ; the observations of Favre* give 4*43 parts per 1000 as the 
proportion contained in nearly nine gallons which he had collected; 
whilst those of Scliottinl raise it as high as 22*4 parts per 1000, of which, 
however, 12 parts consisted of epithelium and insoluble matters. 

401, The entire amount of fluid which is ‘ insensibly’ lost from the 
Cutaneous and Pulmonary surfaces was estimated by Seguin at 18 grains 
per minute ; of which 1 1 grains pass-off by the skin, and 7 by the lungs. 
Funke, J with two students, made numerous experiments upon the amount 
and characters of the Sweat secreted from the hand and forearm under 
different circumstances. In these experiments the arm was enclosed in a 
caoutchouc bag, and each experiment lasted for one or two hours. It 
was found that the largest quantity of sweat obtained from the forearm 
and hand under favourable circumstances, in 1 hour, was 740 grains, 
which would, in 24 hours, supposing the secretion to continue at the same 
rate, amount to about 2^ lbs. But, from accurate measurements, Funke 
ascertained that the ratio of the superficies of the forearm and hand to that 
of the body generally was as 1 : 1 7 ; so that if the perspiration took place 
continuously and at the same rate from the whole surface of the body, 
upwards of 42 lbs. might be discharged in 24 hours. On the other hand, 
the minimum quantity excreted by the hand and forearm was 48 grains per 
hour, which would amount to 1152 grains in 24 hours, and this, multi- 
plied by 17, would give 2f lbs. for the amount eliminated from the whole 
body in 24 hours. It was found, however, that different regions of the 
body gave-off, in proportion to their surface, very different quantities of 
fluid : thus, in no instance was the amount discharged by the leg equal to 
that given-off by the arm. Moreover, the three experimenters furnished 
very different proportions of sweat under the same circumstances : thus, 
with active exercise in the sun, the proportion between them was as 
1 : 2*3 : 4*4, and in another experiment as 1:1*7:2*06, Funke 
draws the conclusion from his experiments, that the entire amount of per- 
spiration from the whole body may fluctuate from about 2 ounces (819 
grains) to about 29 ounces (12,588 grains) per hour, the quantity of solid 
residue varying from 14*25 to 107*57 grains per hour. It is diflGicult to 
give an average for the 24 hours when the variations are so great; but it 
may, perhaps, be estimated at about 2 lbs., the exhalation of aqueous vapour 
by the lungs being rather less than 1 lb. (§ 293). An interesting series 
of observations has recently been published by Dr. Victor Weyrich§ upon 

* ** Archives (16n6r. de M6d.,” 1868, 6me S6r., tom. ii. pp. 1-12. 

t ** Archiv fUr Physiol. Heilkunde,” band ii. pp. 78-104. 

t ** Beitrage zur Kenntniss der Schweiss Secretion Moleschott’s I7ntennicliTmg6& 
zur Naturlehre,” n. s. w. iv. p. 86. 

§ Die nnmerkliche Wasserwerdnnstung der Messchlichen Haut Xiei|)idg, 1362. 

See Abstract in “ Med.-Chir. Rev./* 1868, vol. ii. p. 869, 
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the retire amounts of insensible perspiration under different conditions. 
The instrument he employed was a modification of Daniell’s hygrometer ; 
and his experiments extended over more than a year. He found that varia- 
tions of temperature between 55° and 70® F. produced little effect; but 
every 1® C. ( = F.) above 70° F. occasioned an increase of 2 per cent 

in the total amoimt of vapour exhaled, and for every 1° C. below 55° F. 
there was a diminution of from 1 to per cent. He observed that the 
effects of the relative moisture of the air were in great measure concealed 
by variations in temperature ; so that the highest averages of insensible 
perspiration occurred, not with the lowest, but with moderate amounts of 
moisture in the air. The minimum amount of perspiration always occurred 
on rising in the morning, being then 25 per cent below the average. The 
maximum amount was eliminated at noon, when it rose to 52 above the 
minimum. Food invariably increased the cutaneous transpiration, coffee 
and tea having a particularly powerful influence. The increase occurred 
soonest after breakfast, but was greatest and most permanent after dinner. 
Moderate muscular or mental exertion slightly increased the amount of 
perspiration, but fatigue and exhaustion produced a considerable decrease. 
Violent muscular effort raised it to 77 per cent above the mean ; se- 
vere intellectual labour, 42 per cent. During sweating, tlie rise was 
equal to 116 per cent over the mean, but after sweating it feU even 
to 26 per cent below the mean. It varies greatly, according to the 
conditions of the atmosphere, and that of the body itself, in respect 
to exposure, food, exercise, and activity of other secretions; and 
these variations, as we shall hereafter see (§ 408), have a most im- 
portant share in the regulation of the temperature of the body. — The 
whole amount of Cutaneous transpiration, ‘sensible’ and ‘insensible,* 
is greatly increased by heat and dryness of the surrounding air ; for the 
heat occasions the determination of an augmented amount of blood to the 
cutaneous vessels ; and of the fluid which thus transudes, a large portion 
is carried-off in the state of vapour. The more the heated atmosphere is 
already charged with watery vapour, the smaller will be the proportion 
of the transuded fluid that will thus ‘ insensibly’ pass away ; and the 
more will accumulate as ‘ sensible’ perspiration. Exact observations on 
this point, however, are much wanting, in which not merely the tempera- 
ture, but the hygrometric state of the air should be precisely determined; 
the best hitherto recorded being those made by Dr. Southwood Smith* at 
the Phoenix Gas Works, in which the former element only was carefully 
noted. These observations were made upon eight of the workmen em- 
ployed in ‘ drawing’ and ‘ charging’ the retorts and in making-up the 
fires, during which they are exposed to intense heat; the men were accu- 
rately weighed in their clothes, immediately before they began, and after 
they had finished their work ; and in the interval between the first and 
second weighings, they were not allowed to partake of any solid or liquid 
iiigestay nor to part with urine or fesces. 

Experiment I. Nov. 18, 1836. Day bright and clear. Temperature 
of the air in which the men worked, 60° Fahr. Barometer 29*25 in. to 
29*4 in. Duration of labour, 45 minutes. — Average loss of weight, 
3 lbs. 6 oz. ; maximum, 4 lbs. 3 oz. ; minimum, 2 lbs. 8 oz. 

* “Philosophy of Health,'* vol. ii. pp. 891-896. 
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Experiment II. Nov. 25, 1836, Day fbggy, with scarcely any wind. 
Temperature of the air, 89® Fahr. Barometer 29*8. Duration of labour, 
76 minutes. — Average loss of weight, 2 lbs. 2 02 .; maximum, 2 lbs. 15 oz.; 
minimum, 14 oz. 

Experiment III. June 3, 1837. Day exceedingly bright and clear, 
with little wind. Temperature of the air, 60°. Duration of labour, 
60 minutes. — Average loss of weight, 2 lbs. 8 oz. ; maximum, 3 lbs. ; 
minimum, 2 lbs. 

Experiment IV. On the same day, two other men worked in an 
unusually hot place for 70 minutes; the loss of weight of one of these 
was 4 lbs. 14 oz. ; and of the other 5 lbs. 2 oz. 

Although the individuals subjected to these experiments were not in all 
instances the same, yet there was enough of identity among them, to 
admit of the certain inference, that the amount of fluid lost must be in- 
fluenced by the state of the individual system, as well as by that of the 
surrounding medium. Thus in the second experiment, Michael Griffiths 
lost 2 lbs. 6 oz., and Charles Cahell 2 lbs. 15 oz. ; whilst in the third, 
Michael Griffiths lost 3 lbs., and Charles Cahell only 2 lbs. It is pro- 
bable that the amount of liquid ingested not long previously, might have 
a considerable influence on the quantity lost by transpiration under such 
circumstances. 

402. That the Cutaneous excretion is to a certain extent vicarious with 
the Urinary, in regard to the amount of fluid eliminated, has been gene- 
rally admitted, and is probably true ; but the observations of Weyrich 
have shown that under similar conditions, avoiding extremes, both 
excretions rise and fall together, and that, consequently, no deductions can 
be drawn as to the amount of perspiration given-off from any estimates 
of the volume of urine discharged. We must not disregard the circum- 
stance, however, that these two excretions are to a certain extent vicarious, 
in regard to the elimination of the products of the ‘ waste’ of the system. The 
share which the Skin has in this office has probably been generally under- 
rated. As we have seen (§ 400), there is reason to believe that at least 100 
grains of azotized matter are excreted from it daily ; and any cause which 
checks this excretion must throw additional labour on the kidneys, and will 
be likely to produce disorder of their function. — From the experiments of 
Scharling and Hannover, it would appear that the proportion of Carbonic 
acid eliminated by the Skin is to that discharged by the Lungs as 1 : 38. 
— The secreting action of the Skin is influenced by general conditions of 
the vascular and nervous systems, which are as yet ill understood. It is 
quite certain, however, that through the influence of the latter the secretion 
may be excited or suspended ; this is seen on the one hand in the state 
of syncope, and in the effects of depressing emotions, especially fear, and 
its more aggravated condition, terror ; and on the other, in the dry con- 
dition of the skin during states of high nervous excitement. It is very 
probable that, in many forms of fever, the suppression of the perspiration 
is a cause, rather than an effect, of disordered vascular action ; for there 
are several morbid conditions of large parts of the surface, in which the 
suppression of the transpiration appears to be one of the chief sources of 
danger, having a tendency to produce congestion and infiaminalaon of 
internal organs. From &e experiments of Dr. Fourcault, which have 
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been confirmed by Valentin,* it appears ihat complete suppression of the 
perspiration in animals, by means of a varnish applied over the skin, gives 
rise to a state termed by him ^ cutaneous asphyxia which is marked by 
imperfect arterialization of the blood, and considerable fall of tempera- 
ture; and which, as it produces death in the lower animals, would 
probably do the same in Man. A partial suppression by the same means 
gives rise to febrile symptoms, and to albuminuria. f In Valentin’s expe- 
riments it was foimd that removal to a room of high temperature (71® to 
104® Fahr.) was followed by remarkable temporary improvement in the 
condition of the animals, sensibility and voluntary motor power being 
reacquired, and in some instances food being taken. Death, however, 
always ultimately occurred. — There can be no doubt whatever, that im- 
perfect action of the Cutaneous glandulae, consequent upon inactive habits 
of life and want of ablution, is a very frequent source of disorder of the 
general system; occasioning the accumulation of that decomposing organic 
matter in the blood, which it is the special office of these glanduLee to 
eliminate. Hence the due maintenance of health requires that this ex- 
cretion should be promoted by the use of the natural and appropriate 
means just referred- to ; and this is the more necessary, when from any 
cause the function of the kidneys is imperfectly performed. There are 
many diseased states, moreover, in which there appears to be a special 
determination of the materies morhi to the Skin ; and in which, therefore, 
the use of means that promote the cutaneous excretion constitutes the 
most efficient method of eliminating it from the blood. J 


CHAPTER X. 


EVOLUTION OF HEAT, LIGHT, AND ELECTRICITV. 

1. General Considerations. 

403. The series of Nutritive operations which has now been passed in 
review, has been shown to consist in the continual appropriation, by the 
Animal organism, of certain ‘organic compounds’ or ‘alimentary mate- 
rials,’ which have been generated for its use by Plants ; and in the con- 
stant restoration of their elements to the Inorganic world, either in the 

♦ Arcbiv flir Pfaysiolog. Heilk.,'’ band ii. 1868, p. 433. 

+ See bis important Treatise, ** Causes G6n6rales des Maladies Cbroniques,'* &c., 
1844 ; and ‘‘Brit, and For. Med. Rev.,” vol. xx. pp. 106-108. 

$ The practical value of active diaphoresis in many febrile diseases, is well under- 
stood by the native practitioners among tbe Negroes of the Guinea Coast ; who, accord- 
ing to Dr. Daniell (“Medical Topography and Native Diseases of the Gulf of Guinea,” 
pp. 119-20), make use of it most successfully in the treatment of ^ynamic remittent 
fevers. Dr. Daniell states that having himself had abundant experience of its efficacy, 
he has no doubt of its superiority in these cases to the ordinary practice of venesection, 
saline purgatives, large doses of calomel, &c. And he has re^atedly stated that one 
great secret of preserving heidth in tropical climates, lies in due attention to the 
ontaneOuB fonctions. 
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Tery same forms of combination in which Ihey originally existed there, 
er as products of incipient decay, by whose farther decomposition those 
simple binary compounds will be reproduced. And thus, so &r as the 
material components of the Organic Creation are concerned, the agency 
of Vegetable life is concerned in withdrawing them from the Mmeri 
world, and that of Animal life in returning them to it, after they have 
served their purpose in the living structure. But if we examine into the 
source of those active powers or ‘ forces,* on whose operation every change, 
no less in the organized body, than in what is commonly designated as 
‘inert’ matter, is dependent, we shall find that they are all traceable to 
the solar radiations. It is by the action of the Light and Heat of the 
Sun upon the Vegetable germ, that it is enabled to exercise its wonderful 
transforming capacity, whereby it extracts carbon, hydrogen, nitrogen, 
and oxygen, from the carbonic acid, water, and ammonia furnished by the 
atmosphere or the soil ; and that it converts these into the albuminous, 
saccharine, and oleaginous compounds, which are the destined food of 
Animals. And it is imder the influence of Heat chiefly derived from the 
same source, that the greater number of tribes of Animals are enabled 
to apply these compounds to the purposes of organization; and that, 
through the peculiar instruments thus constructed, those various kinds 
of Vital Force are evolved, whose operations are so different from any 
which we witness in the Inorganic world. Accordingly we observe that 
the ‘ rate of life ’ in this larger proportion of the Animal kingdom, is 
regulated, as in Plants, by the amount of Heat supplied to the organism 
from external sources; and that, when the external temperature is 
reduced below a certain point, there is an entire cessation of all vital 
activity. But there are certain tribes, especially Birds and Mammals, 
which possess the power of generating Heat within themselves, to such a 
degree as to render the rate of their vital processes almost entirely inde- 
pendent of external influences ; and there is probably no one species that 
can exercise this power more effectually, and through a greater range of 
external conditions, than Man is able to do. Of this we shall presently 
have evidence. — The evolution of Light, again, is by no means an unusu^ 
phenomenon among the lower tribes of -^imals ; but where it does occur, 
it usually appears to have some special purpose, as is obvious enough in 
the case of the glow-worm and other luminous Insects. But the lumi- 
nosity which is occasionally exhibited in Man must be regarded as an 
altogether abnormal phenomenon, whose physiological interest arises out 
of the peculiarity of the circumstances under which it presents itself. 
— Of the degree in which Electricity is generated in the living body, we 
know comparatively little. There can be no doubt that a disturlWoe 
of Electric polarity takes place in every action of Organic as well as 
of Inorganic Chemistry ; and thus that every molecular change in the 
Animal as well as in the Vegetable organism must involve an alteration 
in its electric condition. But it would seem that in the Animal body 
generally, these alterations are made to balance each other so exactly, that 
no considerable disturbance of the electric equilibrium ordinarily takes 
place in the organism as a whole ; and it is only in certain peculiar eases 
(as in the Electric Pishes) that a provision exists for the generation of 
Electricity in considerable amount and intensity, with a view to some 
special purpose. In the Human subject, however, an extraordinary prn* 
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dtaotioti of froe Electricity, ae of laght, occasionally presents itself ; and 
tliis, taken in connection with other evidence, would seem rather to indi- 
cate a departure from the balance usually maintained between the opposite 
electrical changes continually taking place, than to be due to the intro- 
duction of any extraordinary sources of electric disturbance. 

2. Evolution of Heat, 

404, All the vital actions of the body of Man, as of that of ‘ warm- 
blooded’ animals generally, require an elevated temperature as a condition 
of their performance ; and the high degree of constancy and regularity 
which is observable in these actions, appears to depend in great degree 
upon the provision which the organism contains within itself, for the 
maintenance of that temperature at a fixed standard. This constancy 
and regularity are most remarkably exhibited in the various periodical 
changes to which the body is subject both in health and in disease; the 
uniformity of whose recurrence is due to a corresponding uniformity in 
the rate of vital action taking place in the interval. Thus, as will be 
shown hereafter, the period of parturition is in great degree determined 
by the maturation of the foetal structures ; and the uniformity of the 
time which this requires (like the corresponding uniformity in the period 
of development in the embryo-bird) may be fairly attributed to the 
regularity of the supply of Heat, which is the power that especially 
determines the formative operations. For the periods of all similar phe- 
nomena in ‘ cold-blooded ’ animals, which have no power of maintaining 
an independent temperature, exhibit no such uniformity ; being entirely 
dependent (as in Plants) upon the degree of external warmth to which 
their bodies are subjected. — We shall now inquire, in the first place, into 
the amount of Heat thus generated by Man ; and then into the sources 
of its production. 

405. Our present knowledge of the ordinary Temperature of the 
Human body under different circumstances, is chiefly due to the inves- 
tigations of Dr. J. Davy.* — The first series of his observations included 
114 individuals of both sexes, of different ages, and among various races, 
in different latitudes, and under various temperatures ; the external 
temperature, however, was in no instance very low, and the variations 
were by no means extreme. The mean of the ages of all the individuals 
was 27 years. The following is a general statement of the results, the 
temperature of the body having been ascertained by a thermometer placed 
under the tongue : — 

Temperature of the air . . 60® | Average temperature of the body 98*28° 


„ » 69° „ „ „ 98*15° 

„ „ 78° „ „ „ 98*86° 

,, ,, 79*6 ,, ,, ,, 99*21° 

,, ,, 80 ,, ,, ,, 99*67° 

» „ 82° „ „ „ 99*9° 

Mean of all the experiments 74° Mean of all the experiments . 100° 

Highest temperature of air 82° Highest temperature of body . 102° 

Lowest temperature of air 60° Lowest temperature of body . 96*6° 


* See Dr. Davy’s successive Memoirs in the Philosophical Transactions” for 1814 
(republished in his “Anatomical and Physiological Researches”), 1844, 1846, and 1860. 
^ also Rrow&*S6quard (“Journal de la Physiologie,” 1859, p. 649), whose experiments 
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From this we see that the variations noted by Dr. Davy, which were 
evidently in part the consequence of variations in external temperature, 
but which were also partly attributable to individual peculiarities, 
amounted to degrees ; the lower extreme might be found to undergo 
still further depression, if the inquiries were carried-on in very cold 
climates. — Dr. Davy’s subsequent inquiries have been directed to the 
determination of the various influences which tend to produce a depar- 
ture from the average ; and it will be advantageous to present his results 
in a systematized form, in combination with those of other observers. 
The most important of these variations seem to be those dependent upon 
Age, Period of the day. Exercise or Eepose, Ingestion of Food or Drink, 
and External Temperature. 

I. The temperature of Infants^ according to the observations of Dr. 
Davy, M. Roger,’^ and of Dr. G. C. Holland, f is somewhat higher than 
that of adults,! provided that they are placed in conditions favourable to 
its sustenance ; but, as will be shown hereafter, infants and young chil- 
dren are very inferior to adults in their power of resisting the depressing 
influence of external cold. Their temperature, when examined imme- 
diately after birth by a thermometer in the axilla, is nearly 100°; but 
it quickly falls to about 95*5°, and gradually rises in the course of the 
next twenty-four hours to about 97*7° in weakly subjects, and to 
99*5° in strong infants. Between four months and six years of age, M. 
Roger found the average temperature to be 98*9° ; and, between six and 
fourteen years of age, 99*1G°. — The temperature of aged persons, from the 
observations of Dr. J. Davy, does not seem to be below that of persons 
in the vigour of life, provided that there be no external depressing influ- 
ences ; but they seem, like infants and young children, to have less power 
of resisting external cold, the temperature of their bodies being more 
easily and considerably reduced by it than is that of adults ; and hence 
probably it has happened, that popular opinion assigns to them an 
habitually inferior temperature. 

II. A slight diurnal variation in the temperature of the body appears 
usually to take place, quite irrespectively of external heat or cold ; but 
this does not seem to be very constant either in its period or its degree, 
and is seldom very considerable. Thus Dr. Davy found from a long 
series of observations carried-on upon himself whilst in England, that the 
body was warmest in the morning, and coldest at night ; whilst the reverse 
was the case in Barbadoes. The following Table gives his average results : — 


JUean Temperature under the Tongue, 

Temperature qf Boom, 

England 

J 7 8 A.M. 

2-4 p.M. 

12 p.M. 

7-8 A.M. 

2-4 p.M. 

12 p.M. , 

} 98*74'’ 

98*62*’ 

97*92'’ 

50*9*’ 

54-7° 

62° 

Barbadoes 

5 6-7 A.M. 

12-2 p.M. 

9-11 p.M. 

6-7 A.M. 

12-2 P.M. 

9-11 P.M. 

( 98*07° 

98*9® 

99'’ 

76*7° 

83*6° 

79° 


essentially corroborate those of Dr. Davy, as well as the older ones of MM. Eydouz and 
Sonleyet ('^Oomptes Eendns,'’ 1888, p. 457), except that he found a greater dhSemee 
in the temperatnre of the men he examined, though the variation of Idle atmoi^heiio 
temperatnre was much less. 

* Archiv. Gen. de M6d.,” 1844. f “ Inquiry into the Laws of * 

t Dr. W. P. Edwards {** On the Influence of Physicnd Agents on Life,^ p. gives 
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Prom die observations of M. Chossat on Birds, in which the diurnal 
variation amounts to 1 Fahr., it seems that the maximum pretty oon- 
etantly occurs at noon, and the minimum near midnight ; and this cor- 
xesponds well with what has already been pointed-out, with regard to the 
relative activity of respiration at different periods of the twenty-four hours 
(§ 288, IX.). Probably there is a less capacity for generating heat during 
the night ; so that, if the body be insufficiently protected by clothing, or 
be exposed to a low degree of external temperature, its own temperature 
will be more readily lowered : and thus the minimum of the whole day 
may come to present itself at this part of it, in a temperate climate ; 
whilst in a tropical climate, the light bed-covering and free circulation 
of air usual in the sleeping-room, together with the reducing influence of 
repose, would tend to render the early-morning temperature the lowest. 

III. That an increase in the heat of the body is produced by exercise^ 
and that repose tends to its reduction, is a matter of familiar experience ; 
but the observations of Dr. Davy show that there is scarcely any per- 
ceptible difference in the heat of the deep-seated parts, the augmentation 
and depression being confined to the extremities. Thus, on one occasion 
recorded by him, the temperature of the air of the room before walking 
being 60®, that of the feet (shown by a thermometer placed between the 
toes) being only 66®, that of the thermometer under the tongue being 98°, 
and that of the urine being 100®, — the temperature after a walk in the 
open air at 40®, the exercise having diffused a feeling of gentle warmth 
through the body, was 96*5® in the feet, 97® in the hands, 98® under 
the tongue, and 101° in the urine. So, on another occasion, the tempera- 
ture having been 66® in the room, 75® in the feet, 81® in the hands, 98° 
under the tongue, and 100° in the urine, — after a walk in air at 50° the 
temperature was 99® in the feet, 98® in the hands, 98® xmder the tongue, 
and 101*5® in the urine. These effects are, therefore, in aU probability, 
chiefly due to an increase in the energy and frequency of the heart’s con- 
tractions, by which means the warm blood is driven with greater velocity 
through the extreme capillaries, imparting its heat to the surrounding 
parts. — The experiments of Becquerel, moreover, have shown that a cer- 
tain amount of heat is developed during the active contraction of mus- 
cular tissue, the rise in temperature of a muscle like the Biceps, after a 
few powerful contractions, being as much as 1® Fahr. ; and he regarded 
this increase in temperature as due to the increased energy of the chemical 
changes, and in some measure also to the mechanical effects of friction, 
&c., taking place in the contracting muscle. M. J. Bedard,* however, 
considers the amount of heat produced to be in inverse relation to the 
mechanical effect obtained ; for he found that more heat is developed when 
the muscle is unable to shorten itself during contraction, as in the case of a 
man striving to overcome an insuperable obstacle, than when the muscle 
fully contracts, as in lifting light weights. Thus it would seem that the 
Force which manifests itself in sensible Motion in one case, manifests 
itself as Heat (a different mode of motion) in the other. 

as the result of his obsenratious, which were only in number, that the temperature 
of infants is lower than that stated above ; but it is obvious that these observations were 
made during the period of depression which occurs in the first few days^ whilst the 
respkatoiy fhnetien is becoming established. 

* Oomptes Bendusi” 1860, voL i. p. 471. 
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IV. The influence of ingestion of food upon the temperature of the 
body has not yet been duly investigated. Common experience leads to 
the conclusion, that after a meal, as after exercise, there is a greater 
warmth in the extremities ; but Dr. Davy’s observations show that, in 
his own person, whilst in England, there was usually an appreciable 
depression immediately after dinner, though in Barbadoes the effect of a 
moderate meal was to produce an elev|ttion. In both cases, however, 
Dr. D. observed that the ingestion of wine has a positively-depressing 
influence on the temperature of the body, which increases with the 
quantity taken ; and it may have been the constant employment of wine 
with his dinner, which was the real cause of the depression observed in 
England.* 

V. The influence of external temperature is sufficiently apparent in the 
observations already cited; for although external cold may act in a 
different degree on different individuals, according to their respective 
ages, powers of resistance, &c., yet there is ample proof that on the 
whole a continued exposure to it reduces the temperature of the body 
somewhat below its ordinary standard, whilst continued exposure to heat 
occasions a slight elevation in the temperature of the body. The in- 
fluence of cold is, of course, most powerfully exerted when the body is at 
rest ; and under such circumstances Dr. Davy found the temperature of 
his own body to be reduced, on an average of four observations, to 96*7®, 
the average temperature of the surrounding air having been 37®. On 
comparing the bodily temperature of different individuals working in 
rooms of various temperatures in the same factory, Dr. Davy found the 
tongue-thermometer rise to 100® in one man, and to 100*5° in another 
who had been working for some hours in a room at 92° ; whilst it was 
99° in a young woman who worked in a room at 73°, and only 97*6° 
in another who worked in a temperature of 60°. — The effects of sea- 
sonal change are less marked in Man, than they are in the lower animals, 
which are more exposed to extremes of temperature ; but it seems prin- 
cipally exerted in modifying the heat-producing power. For it has been 
shown by Dr. W. F. Edwards,f that warm-blooded animals are more 
speedily killed by extreme cold in summer than in winter; and it seems 
probable, therefore, that we are partly to attribute the peculiar chilling 
influence of a cold day in summer, and the oppressiveness of a warm 
day in winter, to the seasonal change in the body itself; although the effect 
is doubtless referable in part to the effect of contrast upon our own feelings. 

406. The usual Temperature of the body occasionally undergoes con- 
siderable alteration in disease ; and this in the way either of increase or 
of diminution. Thus in maladies which involve an acceleration of pulse 

* This difference in effect noted by Dr. Davy, between the effects of a moderate 
quantity of wine taken with dinner in England and in Barbadoes, seems explicable on 
the supposition that the presence of wine in the blood may sometimes diminish for 
a time the energy of the proper combustive process. When the temperature of the 
atmosphere is considerably below that of the body, this retardation of the oombnsUve 
process occasioned by the wine will allow the heat of the body to be lowered Iqr it, 
notwithstanding the tendency to increased activity of the oircidation and re^iratien 
which the meal alone would exert. In a warm climate, on the other hand, eoo&ig 
influence of the external air would not be sufficient to produce this reduotiaa in the 
temperature of the body, notwithstanding the retarding influent of the wise upon the 
combustive process. t Op. oil < 
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asd a quickening of the respiration, the temperature is generally higher 
than usual, even though a large portion of the lung may be unfit for its 
tunction. This is often remarkably seen in the last stages of phthisis, 
when the inspirations are extremely rapid, and the pulse so quick as 
scarcely to admit of being counted; the’skin, in such cases, often becomes 
almost painfully hot. On the other hand, in diseases of the contrary 
character, such as * morbus ccerpleus,’ asthma, and cholera, the tempera- 
ture of the body falls ; a reduction to 78° having been noticed in the 
former maladies, and to 67° in the latter. The range observed by M. 
Andral in diseases which less affected the calorifying function, was from 
95° to 107*6°; and by M. Eoger (loc. cit,), in diseases of children, from 
74*3 to 108*5. Prof. Dunglison* speaks of having seen the thermometer 
at 106° in scarlatina and typhus ; and Dr. Francis Homef found it to 
stand at 104° in two individuals in the cold stage of an intermittent, 
whilst it afterwards fell to 101°, and subsequently to 99°, during the 
sweating stage. Dr. Edwards mentions a case of tetanus, in which the 
temperature of the body rose to 110|°. The following observations have 
been made on this subject by M. Donn6 : J in a case of puerperal fever, the 
pulse being 168, and the respirations 48 per minute, the temperature was 
104°; in a case of hypertrophy of the heart, the pulse being 150, and the 
respirations 84, the temperature was 103°; in a case of typhoid fever, the 
pulse being 136, and the respirations 50, the temperature was 104°; and 
in a case of phthisis, the pulse being 140, and the respirations 62, the 
temperature was 102°; on the other hand, in a case of jaundice, in which 
the pulse was but 52, the temperature was only 96*40°; but the same 
temperature was observed in a case of diabetes, in which the pulse was 
84. These limited observations, whilst they clearly indicate that a 
general relation exists between the temperature of the body and the rapi- 
dity of the pulse, also show that this relation is by no means invariable, 
but that it is liable to be affected by several causes, of which our know- 
ledge is as yet very slight. — It is not a little remarkable that the tempera- 
ture of the body should sometimes rise considerably after death ; and this 
not merely in such cases as Cholera, in which it has undergone an 
extreme depression during the latter part of life ; but even in the case of 
febrile disorders, in which the temperature during life has been above the 
usual standard. This has been ascertained by Dr. Bennet Dowler,§ of 
New Orleans, on the bodies of those yellow-fever subjects which have 
already been referred-to as exhibiting a remarkable degree of molecular 
life after somatic death (§ 242). In one case, for example, the highest 
temperature during life was in the axilla, 104° ; ten minutes after death, 
it had risen to 109° in the axilla; fifteen minutes afterwards, it was 
113° in an incision in the thigh; in twenty minutes, the liver gave 112°; 
in one hour and forty minutes, the heart gave 109°, and the thigh 
in the former incision 109°; and in three hours after the removal 
of all the viscera, a new incision in the thigh gave 110°. It is 

* ** Human Physiology, ** 7th edit., vol. ii. p. 226. 

t “ Medical Facts and Experiments,” London, 1769. 

t ** Archiv. H6n. de M6d./* Oct. 1835; and “Brit, and For. Med. Rev.,” vol. ii. p. 248. 

§ “Western Journal of Medicine and Surgery,” June and Oct., 1844 ; cited in 

^Philadelphia Medical Examiner,” June, 1846, and in Prof. Punglison’s Human 
Physiology,” 7th edit., v<d. ii. p. 718, 
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curious that the maximum heat observed aiter death should have been in 
the thigh, and the minimum in the brain ; ad is shown in the following 
Table of the highest amount of temperature noted in eight diflEenant regions 
in five subjects : — 


Thigh, 

Epigasiriwn. 

Axilla, 

Chest, 

Meart. 

Brain, 

Bectwn, 

Inver, 

113° 

111° 

109° 

107° 

109° 

102° 

111° 

112° 

109° 

110° 

109° 

106*6° 

106° 

101° 

109° 

109° 

109° 

109° 

108° 

106° 

105° 

101° 

107° 

108° 

109° 

109° 

108° 

106° 

104° 

100° 

107° 

107° 

108° 

109° 

107° 

105° 

104° 

99° 

106° 

106° 

Mean 109*6 

° 109*6° 

108*2° 

106*1° 

105*6° 

100*6° 

108° 

108-4' 


407. Although there appears to be, for all kinds of animals, a distinct 
limit to the variations of bodily temperature, under which their vital 
operations can be carried on, this limitation does not prevent certain 
species from existing in the midst of great diversities of external condi- 
tions ; since they have within themselves the power of compensating for 
these, in a very extraordinary degree. This power seems to exist in Man 
to a higher amount than in most other animals ; since he can not only 
support, but enjoy life, under extremes of which either would be fatal to 
many. In many parts of the tropical zone, the thermometer rises every 
day, through a large portion of the year, to 110°; and in British India it 
is said to be seen occasionally at 130°. On the other hand, the degree ol 
cold frequently sustained by Arctic voyagers, and quite endurable under 
proper precautions, appears much more astonishing ; by Captain Parry 
the thermometer has been seen as low as — 55°, or 87° below the freezing 
point ; by Captain Franklin at — 58°, or 90° below the freezing point ; 
and by Captain Back at — 70°, or 102° below the freezing point. In 
both cases, the effect of the atmospheric temperature on the body is 
greatly influenced by the condition of the air as to motion or rest ; thus, 
every one has heard of the almost unbearable oppressiveness of the 
‘ sirocco’ or hot wind of Sicily and Italy, the actual temperature of 
which is not higher than has often been experienced without any great 
discomfort when the air is calm ; and, on the other side, it may be men- 
tioned that, in the experience of many Arctic voyagers, a temperature of 
— 50° may be sustained, when the air is perfectly still, with less incon- 
venience than is caused by air in motion at a temperature fifty degrees 
higher.* This is quite conformable to what might be anticipated on 
physical principles. 

408. Again, the degree of moisture contained in a heated atmosphere, 
makes a great difference in the degree of elevation of temperature which 
may be sustained without inconvenience. Many instances are on record, 

* The Author has been informed by Sir John Richardson, that in his last Arctic Ex- 
pedition, whilst at winter-quarters, he was accustomed to go from his sitting-room to 
the magnetic observatory at a short distance (about an ordinary street’s breadth), with^ 
out feeling it necessary even to put on a great-coat ; although the temperature of the 
former was about 50°, and that of the air through which he had to pass to the latter 
was — 50^, the difference being 100°. This immunity from chilling influence waa chiefly 
attributable to the dryness and stillness of the atmosphere ; but it is worthy of note 
that Sir J. E. and the whole of his party on this expedition, abstained entity firoxa 
alcoholic liquors ; and the Author has received his personal assurance, ^at his 
experience on this occasion folly bore-out his previous conviotion, that coutlhuod severe 
cold is mv^h better borne without recourse to these stimulants, than under tiM 
ment of them. 
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of a heat of from 250® to 280® being endured in dry air for a consider- 
able length of time, even by persons unaccustomed to a particularly high 
temperature ; and persons whose occupations are such as to require it, 
can sustain a much higher degree of heat, though not perhaps for any 
long period. The workmen of the late Sir F. Chantrey were accus- 
tomed to enter a furnace in which his moulds were dried, whilst the 
floor was red-hot, and a thermometer in the air stood at 350®; and 
Chabert th^ “ Fire-king” was in the habit of entering an oven whose 
temperature was from 400® to 600°.^ It is possible that these feats 
might be easily matched by many workmen who are habitually exposed 
to high temperatures ; such as those employed in Iron-foundries, Glass- 
houses, and Gas-works. In all these instances, the dryness of the air 
frcilitates the rapid vaporization of the fluid, whose secretion by the 
Cutaneous glandulse is promoted by heat applied to the surface; and 
the large amount of caloric which is consumed in this change, is for the 
most part withdrawn from the body, the temperature of which is thus 
kept-down. 

409. Exposure to a very elevated temperature, however, if continued 
for a sufficient length of time, does produce a certain elevation of that of 
the body ; as might be expected from the statements already made, in 
regard to the variation in the heat of the body with changes in atmo- 
spheric temperature (§ 405). In the experiments of MM. Berger and 
Delarochojf it was found that, after the body had been exposed to air of 
120® during 17 minutes, a thermometer placed in the mouth rose nearly 
7® above the ordinary temperature ; it may be remarked, however, that 
as the body was immersed in a close box, from which the head projected 
(in order to avoid the direct influence of the heated air on the tempera- 
ture of the mouth), the air had probably become charged with the vapour 
exhaled from the surface, and had therefore somewhat of the effects of a 
moist atmosphere. At any rate, the temperature of the body does not 
appear to rise, under any circumstances, to a degree very much greater 
than this. In one of the experiments of Drs. Fordyce and Blagden,f 
the temperature of a Dog, that had been shut up for half-an-hour in a 
chamber of which the temperature was between 220° and 236®, was 
found to have risen from 101® to about 108®. MM. Delaroche and 
Berger tried several experiments on different species of animals, in order 
to ascertain the highest temperature to which the body could be raised 
without the destruction of life, by inclosing tliem in air heated from 122® 
to 201®, until they died : the result was very uniform, the temperature 
of the body at the end of the experiment only varying in the different 
Bpedes between 11® and 13® above their natural standard: whence it 

* The wonderful feats performed by many individuals from time to time— of dipping 
the hand into melted lead, laying hold of a red-hot iron, &o. — have been recently shown 
by M. de Boutigny to be explicable upon very simple principles. For in all pch cases 
a thiii film of aqueous fluid in the * spherical state * intervenes between the skin and the 
heated surface; and a hand which is naturally damp, or which has been slightly 
moistened, may be safely passed into the stream of molten iron as it flows from the fur- 
nace ; as was demonstrate by M. de Boutigny at the meeting of the British Association 
at Ipswich in 1851. 

+ ^^Bxpfirienoes sur les Kffets qu’une forte Chaleur produit sur TBoonomie Paris, 
1805 ; ae ** Journal de Physique,” tomes Ixiii., Ixxi., et Ixxvii. 

X Philosophioal Transactions,” 1775. 
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xmy be inteed, that an elevation to this degree most be &tal.* Shis 
elevation would be attained comparatively soon in a moisi atmoi^ere; 
partly because of the greater conducting power of the meditun, but 
principally on account of the check which is put upon the vaporisation 
of the fluid secreted by the skin. Even here, however, custom and 
acquired constitution have a very striking influence; for whilst the 
inhabitants of this country are unable to sustain, during more than 10 
or 12 minutes, immersion in a vapour-bath of the temperature of 110 ® 
or 120®, the Finnish peasantry remain for half an hour or more in a 
vapour-bath whose temperature finally rises even to 158® or 167®.— 
Accurate experiments are yet wanting, to determine the influence of 
humidity on the effects of coid air. From experiments on young Birds 
incapable of maintaining their own temperature, of which some were 
placed in cold dry air, and others in cold air charged with moisture, 
it was found by Dr. Edwards that the loss of heat was in both in- 
stances the same ; the effect of the evaporation from the surface in 
the former case, being counterbalanced in the latter by the depressing 
influence of the cold moisture. This influence, the existence of which 
is a matter of ordinary experience, is probably exerted directly upon the 
Nervous system. 

410. Having thus considered the general fects which indicate the 
faculty possessed by the living system, in Man and the higher Animals, 
of keeping-up its temperature to an elevated standard, and of preventing 
it from being raised much beyond it by any degree of external heat, we 
have next to inquire to what this feculty is due.f — It may be stated as 
a general fact, that every change in the condition of the organic com- 
ponents of the body, in which their elements enter into new combina- 
tions with Oxygen, must be a source of the development of Heat. And 
as we have seen that a considerable part of the carbonic acid and water 
which are exhaled in Eespiration, is formed within the body by the 
metamorphosis of its own tissues, and that this metamorphosis is pro- 
moted by the active exercise of the nervo-muscular apparatus, it follows 
that in animals whose habits of life are peculiarly active, whilst the 
temperature of the surroxmding medium is sufiiciently high to prevent 
its exerting any considerable cooling influence over them, the combustive 
process thus maintained may be adequate for the maintenance of the 
temperature of the body at its normal standard. This seems to be the 
case with the great Carnivorous quadrupeds of warm climates, and with 
certain races of Men who lead a life of incessant activity like theirs. 
But whenever the cooling influence of the atmosphere is greater, or ihe 
retrograde metamorphosis of tissue takes place with less activity, some 
ftirther supply of heat-producing material is required ; and this is derived 

* Bernard (^'Oomptes BendiiB de la Soci^t^ de Biologie,** 1B59, p. 51) attributes tbe 
death of the animals in these and similar experiments to a condition analogous to littQar 
mortis of the heart being established. He found the aarides filled with blood, but Sm 
venirtcles firmly contracted and empty. 

t It was i^ffirmed by Dr. GhranviUe (" Phil. Trans.,** 1825) that the tenmsiaitars el 
the uterus during parturition sometimes rises as high as 120^. Ih some OMTSSitloiui 
made at the Philadelphia Hospitd, however, at the desire of Prol Dnngfleou* ^ 
pemtnie of the uterus was not found to be mudi abow timt of 
iSng, in Ihme cases, 100% 102% and 106^ whilst the la^ wet %m% hfil 
BuiigHson’e Physiobfly,'’ Tth edit., vol n, p. 226,) 
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ei^liar directly £:om the food, or £rom a store previously laid-up in the 
body. Although the albuminous and gelatinous components of the 
food may be made, by decomposition within the body, to yield saccharine 
and oleaginous compounds which serve as an immediate pabulum to the 
combustive process (§ 377 et 8eq,\ yet this metamorphosis involves a great 
waste of valuable nutritive material ; and the needed supply is much more 
advantageously derived at once foom those farinaceous or oleaginous 
substances, which are furnished in abimdance by the Vegetable kingdom, 
the latter also by the Animal. No reasonable doubt can any longer 
be entertained, that the production of Heat by the combustive process is 
the purpose to which the larger proportion of these substances is destined 
to be subservient in the bodies of Herbivorous animals and of Man ; and 
the results of experience in regard to their relative heat-producing powers, 
are in precise accordance with the indications afforded by their chemical 
composition. 

411. Our knowledge of the dependence of all the vital processes in 
warm-blooded animals upon the Heat of their bodies, and of the depen- 
dence of their calorilying power upon the due supply of material for the 
combustive process, has received some remarkable additions from the 
experiments of M. Chossat upon Starvation.* He found that Birds, 
when totally deprived of food and drink, suffered a progressive, though 
slight, daily diminution of temperature. This diminution was not so 
much shown by a fall of their maximum heat, as by an increase in the 
diurnal variation, which he ascertained to occur even in the normal state 
(§ 405, II.). The average variation in the inanitiated state, was about 6® 
(instead of 1|°), gradually increasing as the animal became weaker ; 
moreover, the gradual rise of temperature, which should have taken place 
between midnight and noon, was retarded ; whilst the fall subsequently 
to nooA commenced much earlier than in the healthy state ; so that the 
average of the whole day was lowered by about 4 between the first and 
penultiviate days of this condition. On the last day, the production 
of heat diminished very rapidly, and the thermometer fell from hour to 
hour imtil death supervened ; the whole loss on that day being about 25® 
Fahr., making the total depression about 29^®. This depression appears, 
from the considerations to be presently stated, to be the immediate cause 
of Death. — On examining the amount of loss sustained by the different 
organs of the body, it was foimd that 93 per cent of the Fat had dis- 
appeared ; being all, in fact, which could be removed ; whilst the nervous 
centres scarcely exhibited any diminution in weight (§ 58). From the 
constant coincidence between the entire consumption of the fat, and the 
depression of temperature, — joined to the fact that the duration of life 
under the inanitiating process evidently varied (other things being equal) 
with the amount of fot previously accumulated in the body, — ^the inference 
seems irresistible, that the calorifying process depended chiefly, if not 
entirely, on the materials supplied by tins substance. Whenever, there- 
fore, tne store of combustible matter in the system was exhausted, the 
inanitiated animals died, by the cooling of their bodies consequent upon 
the loss of calorifying power. 

* mr flnanitioD/’ Paris, 1848; m timljm of this 

irill be lovod in the ftn4 For. Med. Bev*,’* A]|^ 1844. 
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412* That this is the real explanation of ljie &ot^ uras shoiirn by the 
results of a series of very remarkable experiments perforqaed by M, 
Chossat, with the purpose of testing the correctness of this view* When 
inanitiated animals whose death seemed impending (death haying actu- 
ally taken place in several instances, whilst the preliminary processes of 
weighing, the application of the thermometer, &c., were being peribrmedi) 
were subjected to artificial heat, they were almost uniformly restor^ 
from a state of insensibility and want of muscular power to a condition 
of comparative activity ; their temperature rose, their muscular ppwer 
returned, they flew about the room, and took food when it was presented 
to them ; and if the artificial assistance was sufficiently prolonged, and 
they were not again subjected to the starving process, most of them re- 
covered. If they were left to themselves too early, however, the diges- 
tive process was not performed, and they ultimately died. Up to the 
time when they began to take food, their weight continued to diminish ; 
the secretions being renewed, under the influence of artificial heat, some- 
times to a considerable amount. It was not imtil digestion had actually 
taken place (which, owing to the weakened functional power, was com- 
monly many hours subsequently to the ingestion of the food), that the 
animal regained any power of generating heat ; so that, if the external 
source of heat was withdrawn, the body at once cooled : and it was not 
until the quantity of food actually digested was sufficient to support the 
wants of the body, that its independent power of calorification returned. 
It is to be remembered that, in such cases, the resources of the body are 
on the point of being completely exhausted, when the attempt at re-ani- 
mation is made ; consequently it has nothing whatever to fall back upon ; 
and the leaving it to itself at any time imtil fresh resources have been 
provided for it, is consequently as certain a cause of death, as it would 
have been in the first instance. 

413. It can scarcely be questioned, from the similarity of the pheno- 
mena, that Inanition, with its consequent depression of temperature, is 
the immediate cause of death in various Diseases of Exhaustion : and it 
seems probable that there are many cases in which the depressing cause 
is of a temporary nature, and in which a judicious and timely application 
of artificial heat might prolong life until it has passed-off, just as artificial 
respiration is serviceable in cases of narcotic poisoning (§ 203). It is 
especially, perhaps, in those forms of Fever, in which no decided lesiou 
can be discovered after death, that this view has the strongest claim to 
reception ; and the beneficial result of the administration of Alcohol in 
such conditions, and the large amoimt in which it may be given with 
impunity, may probably be accounted-for on this principle. That it acts 
as a specific stimulus to the Nervous system, cannot be doubted firom its 
effects on the healthy body ; but that it serves as a fuel to keep-up the 
calorifying process, appears equally certain.* Its great efficacy in such 
cases seems to depend upon the readiness with which it wiU be taken 
into the circulation, by a simple act of endosmotic imbibition, when 
the special Absorbent process, dependent upon the peculiar powers of 

* See tbe articles written by M. Baudot in ^^UUnion Mddicale*’ for ID 

iffiiob be has criticised tbe statements of Berrin, Lallemande, and Bnrey^ 
qneted in this work (§ 52), and shown that, comparatively, bnt a vei^ tmaU 
of the alcohol ingested can be recovered in ^e varionsezeiwia.^ ^ 

Fr2 
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0tm of the villi (§ 107), is in abeyance. There is no other com* 
bnstible fitiid, whose miscibility and whose density, relatively to that of 
the Blood, will permit of its rapid absorption by the simple physical 
process adverted-to.* 

414. That the oxidation of certain components of the food or of the 
tissues is the fundamental source of Animal Heat, is further indicated 
by the close conformity which we everywhere find, between the activity 
of the Respiratory process and the amoimt of Heat which is generated; 
fmd this not merely when we compare different tribes of animals with 
each other, but also when we compare the amount of oxygen absorbed 
and of carbonic acid exhaled by the same individuals under different 
degrees of external temperat\ire (§ 288, i.). For we find that the system 
possesses within itself a regulating power, by which the combustive pro- 
cess is augmented in activity when the cooling influence of the surround- 
ing medium is considerable, so that this influence is resisted ; whilst the 
internal fire (so to speak) is slackened, whenever the temperature of the 
outer air rises so much as to render the same generation of heat no 
longer requisite. The appetite for food, and especially for those par- 
ticular forms of it which best afford the combustive pabulum, varies in 
the same degree ; and thus, when supplied with appropriate nutriment, 
Man is able to brave the severest cold, without suffering any considerable 
depression in his bodily temperature. — It would seem that the Cutaneous 
Respiration (§ 289), small as its amount is, promotes those molecular 
changes on which the maintenance of Animal Heat depends ; for it was 
foimd by MM. Becquerel and Breschet,f that when the hair of Rabbits 
was shaved-off, and a composition of glue, suet, and resin (forming a 
coating impermeable to the air) was applied to the whole surface, the 
temperature rapidly fell, notwithstanding the obstacle thus offered to the 
evaporation of the sweat, whereby, it might be supposed, the temperature 
of file body would be considerably elevated. In the first rabbit, which 
had a temperature of 100° before being shaved and plastered, it had 
fallen to 89J° by the time the material spread over him was dry. An 
hour afterwards, the thermometer placed in the same parts (the muscles of 
the thigh and chest) had descended to 76°. In another rabbit, prepared 
with more care, by the time that the plaster was dry, the temperature of 
the body was not more than 5^° above that of the surrounding medium, 
which was at that time 69^°; and in an hour after this, the animal died. 
— These experiments place in a very striking point of view the impor- 
tance of the cutaneous surface as a respiratory organ, even in the higher 
animals; and they enable us to tmderstand how, when the aerating 
power of the Lungs is nearly destroyed by disease, the heat of the body 
is kept-up to its natural standard by the action of the skin. A valuable 
therapeutic indication, also, is derivable from the knowledge which we 
finis gain, of the importance of the cutaneous respiration ; for it leads us 
to perceive the desirableness of keeping the skin moist, in those febrile 
diseases in which there is great heat and dryness of the surfiice, since 

* The Author has stated the very striking results of observations which he has had 
the opportuaiW of makuig upon this point, in his Sssay on ** The Physiology of Temper- 
asee and TotiJ Abstinenee,** § 218. 

t ^<lompt«s Rendua,’* Oct. 1841. These experiments have been repeated and con- 
firmed by Msgendie Oaiette M4dioale,’* Deo. 6, 1848). 
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amtioa cannot properly take place t^ongk a dry inamloana. Of 
relief alPorded by cold or tepid sponging in such oases, expetience bai 
given ample evidence. 

415. It Has been held that the Chemical theory of Oidorification is 
insufficient to account for the total amoimt of Heat generated by a warm-* 
blooded animal in a given time ; this assertion being founded upon the 
experimental results obtained by M. Dulong. MM. Favre and Silber- 
mann* have shown, however, that the original estimates require correction 
for the true calorific equivalents of carbon and hydrogen; and that 
this correction having been made, the heat produced by the combustion 
of the Carbon which is contained in the carbonic acid expired, and by the 
combustion of such a proportion of the Hydrogen contained in the ex- 
haled water as may be fairly considered to have imdergone oxygenation 
within the system (§ 293), proves to be adequate to compensate for that 
which would be dissipated by the evaporation of all the water transpired 
from the skin and lungs, and also to maintain the temperature of the 
body itself in an atmosphere of ordinary coolness. And to the com- 
bustion-heat of carbon and hydrogen, we should also add that of those 
relatively-minute quantities of Phosphorus and Sulphur, which also 
undergo oxidation within the system (§ 393), whereby a small additional 
amount of heat must be generated. — Through whatever diversity of com- 
binations or successive stages of oxidation these elements respectively 
pass, in their progress to complete or final oxidation, it may be regarded 
as an indisputable fact, that they give-out precisely the same amount oj 
heat in the whole^ as if they had undergone the most rapid combustion in 
pure oxygen ; and thus we may look to almost every molecular change in 
the body, although pre-eminently to those which are concerned in the 
disintegration of its textures and in the elimination of their products by 
Respiration, as participating in the function of Calorification. — We may 
estimate the absolute amount of animal heat generated by a man weighing 
180 lbs. at about 2,500,000 calories per diem,| on the following data. Ac- 
cording to Scharling, a man of that weight should eliminate 3700 grains of 
carbon by the lungs, the combination of which with oxygen to form carbonic 
acid would yield 1,935,160 calories. Further, if, following Valentin, we 
admit that the excess of oxygen inspired over that reappearing in the 
carbonic acid eliminated is applied to the formation of water, there will be 
a combustion of 210 grains of hydrogen, producing 468,683 calories, 

* See their Memoir ‘Des Chaleurs de Oombastion,* in ^^Comptes Bendns^” tom. 
XX., xxii. 

+ The terms 'Calory* and ' Unit of Heat’ are now generally employed to designate 
the quantity of Heat requisite to raise 1 gramme (16*44 gndns) V centigrade (1|* 
Fahr.) ; 10 calories will therefore raise 1 gramme 10** centigi^e, or 5 grammes 2^ cen* 
tigrade. A Unit of Heat may also be expressed mechanically, and Joule haa found that 
the quantity of Heat capable of raising the temperature of 1 lb. of water (between 65* 
and 60° Fahr.) by 1° Fahr. requires for its evolution the expenditure of a meohanioal 
force equal to the raising of 772 lbs. one foot (Joule, “Phil. Trans.,” 1850). SxprMpwad 
in terms of the French metrical system, the Heat capable of raising 1 gramme of watnir 
1° centigrade is equivalent to a force which would lUt to the height of 1 metre 428*5$ 
grammes (Joule), 480 grammes (Ludwig), 424 grammes (Person), 421 grammes (Olansilia), 
and 488 grammes (Tresca and Laboulaye). (See Bng. Cyclop.,” vol. iv., Arts mm 
Sciences Uiv., p. 640.) According to Favre and Silbermann, 1 gi^me of hydrogen, in 
eombinmg with oxygen, generates 84,462 calones, or wiU ralBe&it number <tf|prsmiiiei 
of water 1* oenlagi^ ; and 1 gramme of carbon, in uniting wilA exygeny sets 
calones. 
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Ibo t#o togetiber amotmting to 2,408,848 calories. Finally, if we coinsidfir 
these numbers represent the greater part of all the heat generated in 
the body, we obtain in round numbers 2,500,000 calories, as the amount 
daily developed, a number which closely approximates to that obtained 
by Ijiebig and other chemists irom calculations made on the calorific value 
of the food. Thus, supposing the daily food to be — 

Carbon. Hydrogon. 

. 64-18 8*60 

. 70-20 10-26 

. 146-82 — 

Total in grammes 281-20 18 86 

Deduct Urinary and Fsecal constituents . 29 *8 6 -3 

The remainder to be oxidized = 261-4 12*66 

Now the Carbon would yield . . 261*4 x 8,080 = 2,081,812 Calories. 

And the Hydrogen .... 12*66x84,462 = 432,842 „ 

Total 2,464,164 Calories. 

Tliis amount of heat would be suflicient, if converted into mechanical 
force, to raise 1,166,000 kilogrammes (=• 11,451J tons) one metre high. 
Bdclard* estimates that a man daily developes sufficient heat to raise 
55 lbs. of water from 32° to 212° F. 

416. It cannot be denied, however, that there are certain phenomena 
which seem at first sight to be completely opposed to the chemical theory 
of calorification, and which can scarcely be explained in accordance with 
it, save by a considerable modification in our usual ideas. The class ot 
facts to which reference is here made, are those which indicate that the 
Nervous System has a very important concern in the process, and that it 
is, in fact, one of the immediate instruments in the development of heat. 
Thus it was experimentally shown by Sir B. Brodie,f that when the 
Brain is cut-off from the spinal cord, or its functions are suspended by 
the agency of a narcotic, and artificial respiration is practised so that the 
circulation is maintained, the body not only loses heat rapidly, but may 
even cool more rapidly than the body of an animal similarly treated, but 
in which artificial respiration is not performed. Now it is certainly true, 
as was subsequently pointed-out by Drs. Wilson Philip and Hastings,^ 
and by Dr. C. Williams, § that the effect of the artificial performance of 
respiration depends in some degree upon the mode in which it is accom- 
plished ; for diat if, as in most of Sir B. Brodie’s experiments, the in 
sufflation be repeated 30 times or more in a minute, the cooling effect of 
the air thus introduced is greater than the warming effect of the imper- 
fect respiratory change to which it becomes subservient ; whilst if the 
insufiiation be repeated only twelve times in a minute, the cooling of the 
body, as compared with that of a body in which the circidation is not 
thus maintained, is retarded, instead of being accelerated. But still it is 
evident from Sir B. Brodie’s experiments, that the withdrawal of the 
influence of the Encephalon has a positively-depressing effect upon the 
Calorific function ; for the rapid fall of temperature took place even in 

* Physiol.,” 1862, p. 661. 

t “ PhiloBOi^iral Transactions,” 1811, 1812; and ** Physiological Researches.” 
tSee Dr. Wilson Philip’s ** Experimental Inquiry into the Laws of the Vital 
Ennetiorts,” 8^ edit p. 180. 
g H6d. (Riir. Trans.,” vol. ii. p. 192. 
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caa^ in which the amonnt of carbonic acnd exhaled during Ihe 
ance of artificial respiration was fully equal to Ihe normal quantity ; and 
the subsequent experiments of MM. Le Gallois* and Ghosaatf are de- 
cidedly confirmatory of this conclusion, whilst they extend it to other 
lesions of the Nervous centres, the influence of which upon the calorific 
function appears to be proportional to their severity. — Various patho- 
logical phenomena, moreover, indicate that the withdrawal of nervous 
influence from any part of the body usually tends to produce a depression 
of its temperature, and this especially in the extremities ; thus Mr. H. 
Earle} found the temperature of paralysed limbs slightly lower than that 
of sound limbs; so Prof. Dunglison has noticed that in one case of 
hemiplegia of five months’ standing, the temperature of the axilla was 
96 on the sound side, and 96® on the paralysed; whilst that of the 
hand was 87® on the sound side, and only 79^® on the paralysed ; and in 
another case of only a fortnight’s duration, the temperature of the axilla 
was 100° on the sound side, and only 98^° on the paralysed, whilst that 
of the hand was 94° on the sound side, and 90® on the paralysed. § 

417. It is a remarkable fact, however, that the disturbance of tempera- 
ture produced by severe injuries of the Nervous system, occasionally 
shows itself in the opposite direction. Thus it has been noticed by many 
experimenters, that one of the first effects of division of the spinal cord 
in the back, in warm-blooded animals, is to raise the temperature of the 
posterior part of the body, this elevation continuing for some hours. A 
case is recorded by Sir B. Brodie, in which, the spinal cord having been 
so seriously injured in the lower part of the cervic^ region that the whole 
of the nerves passing-off below were completely paralysed, the heat of 
the body, as shown by a thermometer placed on the inside of the groin, 
was not less than 111®; and this notwithstanding that the respiratory 
function was very imperfectly performed, the number of inspirations 
being considerably reduced, and the countenance being livid. || And Prof. 
Dunglison states that, notwithstanding the usual depression of the ther- 
mometer on the hemiplegic side, it is not unfrequently found to be more 
elevated than on the sound side.lf According to the experiments of M. 
Cl. Bernard*’*^ it appears that an elevation of temperature constantly takes 
place on one side of the face, when the trunk which unites the Sympa- 
thetic ganglia of the neck on that side is cut through ; this increase being 
not only perceptible to the touch, but showing itself by a thermometer 
introduced into the nostrils or ears, even to the extent of from 7® to 11® 
Fahr. When the superior cervical ganglion is removed, the same effect 
is produced, and with yet greater intensity. This difference is main- 
tained for many months, and is not apparently connected with the occur- 
rence of inflammation, congestion, oedema, or any other pathological 
change in the tissues, though the sensibility of the parts thus affect^ is 
no less augmented than their temperature ; moreover, it is not prevented 
from manifesting itself by the division of any of the cerebro-spinal nerves 
of the face. The fiict, however, appears to be sufficiently explained by 

* ** Annales de Chiinie,’' 1817 ; and ** CEiiTres de M. Le Gallois,’* tom. It 
t ** M^moire snr rinfluenoe de Sjstdme Nerreux sur la Cbaleor Aabnsle.^ 

X Hedico'Ohimrgioal Transactions,’* vol. yii 

§ Hainan Vhjmlogj,'* 7ih edit,, toI. ii. p. 28$. 

tl '^ICedieal Hasette,” June, 1886; and ** Fbysiologioid Eesescohes,” ^ 121. 

^ ‘‘Amer. Med. InteUigenoOT,” Oct. 18, 1838. 

♦* « Oasette Mtdicale,” Urv. 21, 1882. 
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i^laxilicm t^e widk of ibe smaller arteriefi (produchig a state re^ 
iieimklmg a permanent ^bltzsh’)) and tiie oonsequ^t increase in the 
aflluac of blood to the part, which has been shown by Dr. Ang, Waller 
to result b:om this operation. (See § 227.) A curious experiment made by 
Bernard tends to i^ow that the quantity of blood taken up by any one 
organ is supplied to it at the expense of another ; and that the excess of 
heat develop^ at one point of the body is compensated for by a diminu- 
tion in some other part. He found that on making a section of the 
Sympathetic in the neck of a Rabbit, both of whose ears had previously a 
temperature of 95° F., the temperature rose to 100® F. on the side on 
which the section was made, whilst it fell to 91° F. on the opposite 
side. When, however, the peripheral end of the cut nerve was gal- 
vanized, the temperature fell in the corresponding ear, and rose in the 
opposite one.* 

418. The influence which conditions of the Nervous System are thus 
shown to possess over the function of Calorification, has led some Physio- 
logists and even Chemists to the conclusion, that the production of Heat 
is essentially dependent upon Nervous agency, of which it is one of the 
manifestations. But, as Prof. Liebig justly observes, “ if this view 
exclude chemical action, or changes in the arrangement of the elementary 
particles, as a condition of nervous agency, it means nothing else than to 
derive the presence of motion, the manifestation of force, from nothing. 
But no force, no power, can come of nothing.”j* That the production of 
heat in living bodies may take place without any possible assistance from 
Nervous agency, is manifest from the phenomena of Vegetable heat; and 
there can be no reasonable doubt that the source of this production is a 
true combustive process. And the evidence afforded by the post-mortem 
production of heat in the Human subject (§ 406) conclusively points to 
the same result ; more particularly as the elevation of temperature ob- 
served in the brain was uniformly less than that which was manifested 
in other large organs. — But the phenomena just enumerated (and many 
others that might be cited) can scarcely be accounted-for, without ad- 
mitting that the Nervous system exerts an important modifying power 
upon the temperature of the body, which may be either elevat^ or 
depressed through its agency ; and the question now arises, whether this 
operation takes place through the influence which the Nervous system 
exerts over the molecular processes of Nutrition, Secretion, &c., or 
through some more direct method. It can scarcely be denied that the 
first of these channels affords not merely a possible, but also a probable 
means, for the exercise of such influence ; but still it is difficult to con- 
ceive that any great effect can be thus produced, since, as already shown, 
it is not so much in the growth as in the disintegration of textures, 
that heat is produced by the oxidation of their components. On the 
other hand, from the close relation which exists between the Vital and 
the Physical forces, it can scarcely be regarded as improbable that the 
Nervous force, generated by molecular changes in the Nervous substance, 
may manifest itself under the form of Heat, just as we know that it 
manifests itself (in the electric Fishes, &c.) under that of Electricity.^ 
And thus it is quite conceivable, that one mode in which alimentary 

* Bernard, ** Lemons,” 1859, 6ime Lecon. 

t << Animal Chemistry,’* 8id edH. p. 89. 

t See Brine, of Oomp. Phye.,” §| 4dl-466. 
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materiald may be applied to ^e maintmiaxice ef .Animal Heafi^ may eon^ 
met in ihmr subservienoe to these molecular cbair^ges, which seem to take 
place in the Nervous substance with more activity than in any other 
tissue ; and thus a large measure of caloric may be generated wrough 
the immediate instrumentality of the Nervous system) notwithstanding 
that the ultimate source of its development lies (as in the Chemical 
theory) in the oxidation of the elements of the food. — Such an hypotl^s 
will be found consistent, the Author believes, with all the weU-aaoertained 
facts of the case ; for whilst it assigns their full value to all those proof^ 
which establish (in his mind) the necessary dependence of Calorification 
upon the changes to which the Respiration is subservient, and thus upon 
the supply of combustive material on the one hand and of oxygen on the 
other, it also assigns a definite modus operandi to the Nervous system, as 
an instrument largely concerned in the production and distribution of the 
heat thus generated, — this modus operand^ moreover, being in such com- 
plete harmony with the other manifestations of Nervous power, that its ex- 
istence might almost have been predicated upon general considerations.* 

419. We have now to inquire whether power of generating Heat 
is possessed by the Human subject in an equal degree at all ages ; this 
question being very different from that of the ordinary temperature of 
the body at the various periods of life ; since an individu^ who can 
maintain a high temperature when the surrounding air is moderately 
warm, may have very little power of bearing continued exposure to 
severe cold. Important analogical evidence on this point has been suppliea 
by the experiments of Dr. W. F. Edwards upon the lower Mammalia, 
Birds, &c.f It appears from these to be a general fact, that, the younger 
the animal, the less is its independent calorifying power. Thus the de- 
velopment of the embryo of all Oviparous animals is entirely dependent 
upon the amoimt of external warmth supplied to it. There are many 
kinds of Birds, which, at the time they issue from the egg, are so deficient 
in the power of generating heat, that their temperature rapidly fidla 
when they are removed from the nest and placed in a cold atmosphere ; 
it being shown by collateral experiments, that the loss of heat was not to 
be attributed to the absence of feathers, nor to the extent of surfrce ex- 
posed in comparison with the bulk of the body ; and that nothing but an 
absolute deficiency in the power of generating it, would account for the 
fall of temperature. This is quite conformable to facts well ascertained 
in regard to Mammalia. The foetus, during intra-uterine life, has little 
power of keeping~up its own temperature ; and in many cases it is much 
dependent on external warmth for some time after birth. The degree of 
this dependence, however, differs greatly in the various species of Mam- 
malia, as among Birds ; being less, in proportion as the general develop- 
ment is advanced. Thus, young Guinea-pigs, which can run-about and 
pick-up food for themselves almost as soon as they are bom, are from 
the first independent of parental warmth ; whilst on the other hand, lia 
yoxmg of Dogs, Cats, Rabbits, &c., which are bora blind, and which do 
not for a fortnight or more acquire the same development with the pre- 
ceding, rapidly lose their heat when withdrawn from contact idth the 
body of the mother. 

^ See tbe Author’s Memoir * On the Mutual Belathms of the Tltel eed 
Forces’ in “ PhU. Trans.,” 1850. 

f On the Influenoe of Physicsl Agents on part fii chap. L 
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^0/ III the Htuoaii species, it is well known that external warmth 
Is neoessarj for the In^t, its body rapidly losing heat when exposed 
to the chilling influence of a low temperature ; but the fact is too often 
neglected (under the erroneous idea of ‘ hardening’ the constitution) 
during the early years of childhood. It is to be carefully remembered, 
that the development of Man is slower than that of any other animal, 
and that his calorifying power is closely connected with his general bodily 
vigour ; and though the infant becomes more independent of it as deve- 
lopment advances, it is many years before the stand^d can be maintained 
without assistance, throughout the ordinary vicissitudes of external tem- 
perature. Especial care is required with regard to the maintenance of 
the bodily heat by artificial warmth, in the case of children prematurely 
bom ; for the earlier the period of embryonic life, the less is the power 
of calorification that exists for some time after birth. The temperature 
of a seven months’ child, though well swathed and near a good fire, was 
found by Dr. W. Edwards, within two or three hours after its birth, to 
be no more than 89*6®. And in some of the recorded instances in which 
the birth has taken place before the completion of the sixth month, it 
has not been found possible to maintain the warmth of the infant by 
exposure to the radiant heat of a fire, the contact of the warm body of 
another person being the only effectual means of keeping up its tempe- 
rature. — The fullest measure of calorifying power is possessed by adults ; 
but even in them it is sometimes weakened by previous exertion, so that 
death by the cooling of the body may occur, when the body is exposed 
to cold of no great intensity, but in a state of exhaustion of nervous 
power; a fact which remarkably confirms the views advanced in the 
preceding paragraph. A decrease of calorifying power takes place in 
advanced age. Old people complain that their blood is chiU and they 
suffer greatly from exposure to cold, the temperature of the whole body 
being lowered by it. 

421. These facts have a very interesting connection with the results 
of statistical inquiries, as to the average number of deaths at different 
seasons; the following are recorded by M. Quetelet,* as occurring at 
Brussels, the mean monthly mortality at each age being reckoned as 100. 
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Month. 
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Years. 

Years. 
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and above. 

January . 




1*89 

1*22 

1*08 


1*30 

1*58 

February . 




1-28 

1*13 

1*06 


1*22 

1*48 

March . . 




1*21 

1-30 

1*27 

1*11 

1*11 

1*25 

April . . 





1*27 

1*34 

1*06 

1*02 

0*96 
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1*12 

1*21 

1*02 

0*93 

0*84 

June . . 




0*83 

0*94 

0*99 

1*02 

0*85 
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0*82 

0*88 

0*91 

0*77 

0*64 





0-79 

0*73 

0*82 

0*96 

0*85 

0*66 

September 




0*86 

0*76 

0*81 

0*95 

0*89 

0-76 

Odiober • 




0*91 

0*78 

0*76 

0*93 

0*90 

0-74 

l^ovember. 




0*98 

0*91 

0*80 

0*97 

1*00 

1*08 
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1*07 

1*01 

0*90 

0*97 

1*16 

1*29 


* Sssal dt Physique Sociale,*’ tom. i. p. 197. 
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We see firom thia table that, dttriog the &st of intet liib, the 

external temperature has a veiy marked induenoe; ibr the average 
mortality during each of the three summer months being $0, that of 
January is nearly 140, and the average of Februmy' and March is 125. 
This is confirmed by the result obtained by MM, villerm4 aiM^ Milne* 
Edwards, in their researches on the mortality of the children conveyed to 
the Foundling Hospitals in the different towns in France ; for they not 
only ascertained that the mortality is much the greatest during the first 
three months in the year, but also that it varies in different parts of the' 
kingdom, according to the relative severity of the winter.* As child-' 
hood advances, however, the winter mortality diminishes, whilst that of 
the spring undergoes an increase ; this is probably due to the greater 
prevalence of certain epidemics at the latter season ; for the same condi- 
tion is observed, in a still more remarkable degree, between the ages of 
8 and 12 years, — the time when children are most severely affected by 
such epidemics. As the constitution acquires greater vigour, and the 
bodily structure attains its full development, the influence of the season 
upon mortality becomes less apparent ; so that at the age of from 25 to 
30 years, the difference between the summer and winter^ mortality is 
very slight. The difference reappears, however, in a very marked de- 
gree, at a later period, when the general vigour, and the calorifying 
power, undergo a gradual diminution. Between the ages of 50 and 65, 
it is nearly as great as in early infancy ; and it gradually becomes more 
striking, until, at the age of 90 and upwards, the deaths in January are 
158, for every 74 in Jiily (a proportion of 2 to 1); and the average of 
the three winter months is 145, whilst that of the three summer months 
is only 68, or less than one-half. — The results of the comparisons which 
have now been carried-out for many successive years, in the Eeports of 
the Registrar-General, between the variations in the weekly rate of mor- 
tality in the Metropolis and the range of atmospheric temperature, pre- 
sent a close coincidence with the foregoing : it being especially to be 
noted, that the rate of mortality (save during the prevalence of any fatal 
epidemic) is almost invariably the highest during the winter months ; 
that the increase of deaths at that period is most marked amongst children 
and old people ; and that any extraordinary severity of winter cold con- 
stantly produces a great augmentation in the mortality, the weekly 
number of deaths rising from the average of 1100 (or thereabouts) to 
1600 or even 1800, when the mean temperature of the week remains 
six or eight degrees below the freezing-point. 

422. Having thus considered the means by which the degree of Heat, 
necessary for the performance of the functions of the Human system, is 
generated, we have to inquire how its temperature is prevented from 
being raised too high ; in other words, what frigorifying means there are, 
to counterbalance ^e influence of causes, which in excess would other- 

* Dr. Emerson has shown that, in the Sonthem and Middle States of Korth 
the high rnttmer temperature is the greatest cause of Infimt-mortalitiy ; the proportien 
of deaths during the tot year of childhood, occurring in the months of Jtme^ Jmf, mad 
August, being about fowr times greater than that occurring during the same pkOnfim Ih 
any sul^nent year up to the age of 20. The winter mortali^ under the aeeoad jw 
scarcely exceeds the average of subsequent years. Amar. Jour, of Med. 

1881 .^ 
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UPW fintdj hj mmog iihe h^t of the body to an undue degree (§ 430). 
is it, for example, that, when a person enters a room whose atmo* 

t ere is heated to one or two hundr^ degrees above his body, the latter 
s not partake of the elevation, even though exposed to the heat for 
some ti^ae ? Or, since the inhabitants of a climate, where the thermo- 
meter averages 100® for many weeks together, are continually gene- 
rating additional heat in their own bodies, how is it that this does not 
accumulate, and raise them to an undue elevation ? — The means pro- 
vided by Nature for cooling the body when necessary, are of the simplest 
possible character. From the whole of its soft moist surface, simple 
Evaporation will take place at all times, as from an inorganic body in 
the same circumstances ; and the amount of this will be regulated merely 
by the condition of the atmosphere, as to warmth and dryness. The 
more readily watery vapour can be dissolved in atmospheric air, the 
more will be lost from the surfoce of the body in this manner. In cold 
weather, very little is thus carried-off, even though the air be dry : and 
a warm atmosphere, already charged with dampness, will be nearly as 
ineffectual. But simple evaporation is not the chief means by which 
the temperature of the body is regulated. The Skin, as already men- 
tioned (§ 839), contains a large number of glandulse, the office of which is 
to secrete an aqueous fluid ; and the amount of this Exhalation appears 
to depend solely or chiefly upon the temperature of the surrounding air. 
Thus, when the external heat is very great, a considerable amount of 
fluid is transuded from the skin ; and this, in evaporating, carries-off a 
large quantity of the free caloric, which would otherwise raise the tem- 
perature of the body. If the atmosphere be hot and dry, and also be in 
motion, both exhalation and evaporation go-on with great rapidity. If 
it be cold, both are checked, the former almost entirely so ; but, if it be 
dry, some evaporation still continues. On the other hand, in a hot 
atmosphere saturated with moisture, exhalation continues, though 
evaporation is almost entirely checked ; and the fluid poured-out by the 
exhalant glands accumulates on the skin. There is reason to believe 
that the secretion continues even when the body is immersed in water, 
provided its temperature be high. — ^We learn from these facts the great 
importance of not suddenly checking Exhalation, by exposure of the 
surfoce to cold, when the secretion is being actively performed ; since a 
great disturbance of the circulation will be likely to ensue, similar to that 
which has been already mentioned, as occurring when other important 
secretions are suddenly suspended. 

3. Evolution of Light, 

423. Although the evolution of Light from the living Human subject 
-is an exceptional phenomenon, which has only been observed in morbid 
states of the body, yet its occasional occurrence is fraught with interest 
to the Physiologist, on the one hand from its relation to the Luminosity 
so common among the lower animals, and on the other from the indica- 
tions which it affords of the possibility of the formation, even during life, 
of peculiar phosphuretted compoimds, which, being products of incipient 
decomposition, have been usually supposed to be generated only after 
death. — ^Thete is no doubt that luminous exhalations frequently ascend 
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btirial-groundfl; and that tiie eniperstMonsof ixiii^ 
ing ^ corpse>lights * hare to this extent a foundation in &ct. A texy 
decided luminosity has been observed to proceed from diseeoting-room 
subjects, the light thus evolved being sufficient to the forms of 

the bodies, as well as those of muscles and other dissected parts (which 
are peculiarly bright), almost as distinct as in the daylight. That this 
proceeds from the production of a peculiar phosphorescent compound, 
is shown by the fact, that the luminosity may be communicated to th^ 
fingers or to towels, &c., by contact with the luminous surfaces.^— Br. 
W. Stokes narrates the case of a patient who was under his observation, 
some years since, in the Old Meath Hospital, having been admitted Oil 
accoimt of an enormous cancer in her breast, which was in an advanced 
stage of ulceration, the edges being irregular and everted ; every part of 
the base and edges of this cavity was strongly phosphorescent, the light 
being sufficient to enable the figures on a watch-dial to be distinguished 
within a few inches ; and here also it appeared that the luminosity was 
due to a particular exudation from the exposed surface. Three cases are 
recorded by Sir H. Marsh, in which an evolution of light took place from 
the living body, without any such obvious source of decomposition ; all 
the subjects of these cases, however, were in the last stage of phthisis ; and 
it can scarcely be doubted that here, as in other diseases of exhaustion, 
incipient disintegration was taking-place during the later periods of life 
(§ 60). The light in each case is described as playing around the face, 
but not as directly proceeding from the surface ; and in one of these 
instances, which was recorded by Dr. D. Donovan,')’ not only was the 
luminous appearance perceptible over the head of the patient’s bed, but 
luminous vapours passed in streams through the apartment. It can 
scarcely be doubted that it was here the breath which contained the 
luminous compotmd, more especially as it was observed in one of the 
cases to have a very peculiar smell; and the probability that the 
luminosity was due to the presence of phosphorus in progress of slow 
oxidation, is greatly increased by the fact already referred-to (§ 294), 
that the injection of phosphuretted oil into the blood-vessels gives-rise to 
a similar appearance. In repeating this experiment. Sir H. Marsh states 
that when half an oxmce of olive-oil, holding two grains of phosphorus in 
solution, was injected into the crural vein of a dog, a dense white vapour 
began to issue from the nostrils even before the syringe was completely 
emptied, which became faintly luminous on the removal of the lighte : 
and the injection being repeated with the same quantity, the expiration 
immediately became beautifully luminous, resembling jets of pale- 
coloured flame pouring-forth from the nostrils of the animal. And the 
luminosity which has been occasionally observed in the urine, J may Mrlv 
be imputed to an increase in the quantity of unoxidized phosphorus whi<m 

* See Sir Herbert Marsh on The Erolation of Light from the Living Human Sub- 
ject” (Dublin, 1842), p. 20. — From this interesting pamphlet, most ol the statemanis 
in this paragraph are derived. 

f ** Dublin Medical Fresi^” Jan. 15, 1840. 

t ‘^Oasperis Wochenscbrift,*’ 1849, No. 15. — case has been recently put on reeoyd 
((<Biiehn6r’sBepert.,*’B. viii. p. 842), in which thenriimandseiBeno|a|iimatlir|H9 was 
under treatment for impotenoe and spermatorrhosa, and who was employinf phMftotia 
as a remedy both internally and externally, were observed to be 
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h oepmo nonoalir to contain; its liberation ta^ng^pkce at ft morf 
ra|pid rate than its conyersion into phosphoric acid, either through 
excessive excretion or through impeded respiration.^ A case has been 
recorded by Kaater (loc. cit.) in which the body-linen was rendered lumi- 
nous by the perspiration, after any violent exercise ; and here, too, the 
cause may be presumed to have been the same. — On the whole, then, we 
may conclude the occasional evolution of Light from the Human subject, 
to be the consequence (when not an electrical phenomenon) of the pro- 
duction of a phosphorescent compound at the expense of the disinte- 
grating tissues ; which compoimd passes-ofE through one of the ordinary 
channels of excretion. 


4. Evolution of Electricity, 

424. When the vast variety of changes of condition to which the 
components of the living body are subjected during the performance of 
its vital operations, and the impossibility of the occurrence of any of 
these without some disturbance of Electric equilibrium,! are duly con- 
sidered, the wonder is, not that such disturbance should be occasionally 
so considerable as to make itself apparent, but that it should be ordinarily 
so obscure as only to be detected by the most careful search, and with 
the assistance of the most delicate instruments. The researches of Prof. 
Matteucci, M. du Bois-Eeymond, and others, however, have now made 
it apparent, that there are no two parts of the body (save those which 
correspond on the opposite sides), whose electrical condition is precisely 
the same ; and that the differences between them are greater in proportion 
to the diversity of the vital processes which are taking-place in them, 
and to the activity with which these are being carried-on.J — It is by the 
comparison of the electric states of different Secreting surfaces, that such 
departures from equilibrium are most readily demonstrated. Thus, 
Donn4 foimd that the skin and most of the internal membranes are in 
opposite electrical states ; and Matteucci observed a considerable deflec- 

* The large proportion of intemperate subjects, among those who exhibit this pheno- 
menon, seems to confirm the view already expressed, that the habitual presence of 
Alcohol in the blood interferes with the oxidation and elimination of excrementitious 
matters. 

f There is probably no instance of chemical union or decomposition, in which the 
Electric condition of the bodies concerned is not altered. Simple change ofform^ from 
solid to liquid, or from liquid to gaseous, is attended with electric disturbance ; and this 
is greatly increased when any separation takes place between substances that were pre- 
▼iohsly united, as when water containing a small quantity of saline matter is caused to 
evaporate and to leave it behind, ffeaty again, is continually generating Electricity ; 
for not only is a current produced by the heating of two dissimilar metals in contact, 
but also by the unequal heating of two parts of the same bar ; and though the effect is 
most strildng in the case of metals, it is by no means limited to them. And so con- 
stantly is Electricity generated by the retardation of motion, as in friction, that it is 
not possible to rub- together any two substances, excepting those which are of the most 
perfect homogeneity (such as the fractured surfaces of a broken bar), without the pro- 
duction of Bleotric change, as well as of Heat. 

t Having had an opportunity of witnessing some of the experiments made by M. dU 
Bois-Beymond with a magneto-electrometer of extraordinary sensitiveness, the Author 
can bear his personal testimony to the fact, that the electricity even of the corresponding 
lingers of the two hands is very seldom equally balanced, and that the existence of even 
tile slightest scratch or abrasion of surface upon one of them produces a very marked 
dlftnrhaiiee. 
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ti(»i of tlie needle of a delicate galTunometer, wl^ tiie IxTetr and stoxnach 
of a rabbit were connected with its platinum electrodes.^ Moif reoenl^y, 
Mr. Baxter has found that if one of the electrodes be jdaced upon anv 
part of l^e intestinal surface, and the other be inserted into the branch 
of the mesenteric vein proceeding from it, a decided dedection of the 
needle was produced, indicating a positive condition of the blood ; but 
that no effect was produced, when the second electrode was inserted into 
the artery of the part, instead of into its vein. These effects were found 
to cease after the death of the animals ; and could not be attributed, 
therefore, to mere chemical differences between the blood and the 
secreted product ; but must have arisen from electric disturbance taking* 
place in the very act of secretion.^ Scoutetten, again, has found arterial 
blood to be positive in its relations to venous blood. — That the process 
of Nutrition, as well as of Secretion, in parts which are undergoing rapid 
molecular change, gives-rise to electric disturbance, is proved by the ex- 
periments of Matteucci and Du Bois-Reymond, upon the relative electrical 
states of different parts of muscles and nerves. If the two extremities of 
a Muscle, removed from the body of an animal very recently killed, be 
applied to the two electrodes of a delicate galvanometer, there is usually 
some deflection of the needle ; this being greater, in proportion to the 
difference in the arrangement of the muscular and tendinous elements at 
the two extremities. Although the direction of the current is constant 
for each muscle, yet there is no constant relation between the direction 
of the currents and the position of the muscles in the body ; thus in the 
gastrocnemius of the Frog’s leg, the direction is from the foot towards the 
body, whilst in the sartorius it is the reverse. Taking all the muscles 
of a part together, however, there is usually such a want of balance 
between the opposite currents, that a constant current is established in 
the direction of the strongest and most numerous of the separate muscular 
currents ; this, in the Frog, passes uniformly from the hind-feet towards 
the head, and was at one time supposed to be peculiar to that animal ; 
but a similar current may almost always be detected in other animals. 
The muscular current grows feebler and feebler, the longer the muscle 
has been removed from the body ; it is affected by any agents which 
tend to lower its vitality, and becomes extinct as soon as its contractility 
ceases. From the experiments of M. du Bois-Reymond, it may be con- 
cluded that the current in the arm of Man, when at rest, is from the 
shoulder towards the points of the fingers. (The special conditions of the 
* Nervous’ and * Muscular’ currents will be hereafter fully considered 
in the chapters devoted to the Nerves and Muscles respectively.) 

425. Some of the most important parts of the body being thus in a 
state of constant disequilibrium with regard to each other, it is not sur- 
prisii^ that the Electric state of the whole should be or^narily in dis- 
equilibrium with that of surrounding bodies. This difference, however, 
is usually prevented from manifesting itself, in consequence of the resto- 
ration of the equilibrium bjfr the free contact which is continually taking- 
place between them ; and it is for the most part only when the Human 
body is insulated, that it becomes apparent. The galvanometeDr is then 
affected, however, by the contact of one of its electrodes with the pmon 

t 8ee M. Beoqaerers ^'Tiait6 ds rBl«ctrioit6,*’ tom. i. p. S27, and tohii* iv. m 801^ 

t Philosophical Transaciiozui,** 3.84S, p. 248. 
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lUMofaMf imd olixer with any neighbcmring miinfialated bo^ ; and 
HlW) by 4k6 contact of the electrodes with the kuids of two persons both 
tXHRilaied, who join their other hands together, a dijBferenoe in the dectrical 
states of the two individuaJs being thus indicated. The electricity of Man 
is most commonly positive, and irritable men of sanguine temperament 
have more free electricity than those of phlegmatic character. The elec- 
tricity of women is more frequently native than that of men. There 
are persons who scarcely ever puU off articles of dress which have been 
worn next the skin, without sparks and a crackling noise being produced; 
especially in dry weather, when the electricity of the body is retained, 
instead of being rapidly dissipated as it is by a damp atmosphere. The 
effect is usually heightened, if silk stockings and other silken articles have 
been worn, since these act as insulators. It is doubtless in part attri- 
butable to the friction of the articles of dress against each other and 
against the body ; but we can scarcely doubt that it is partly due to the 
generation of electricity in the body itself, since it bears no constant 
relation to the former of these supposed causes. Thus a Capuchin friar 
is mentioned by Dr. Schneider, ♦ who, on removing his cowl, always found 
a number of shining crackling sparks to pass from his scalp ; and this 
phenomenon continued still perceptible after a three weeks’ illness. — The 
most remarkable case of the generation of Electricity in the Human 
subject at present known, was recorded some years since in America.*]’ 
The subject of it, a lady, was for many months in an electric state so 
different from that of surrounding bodies, that whenever she was but 
sHghtly insulated by a carpet or other feebly-conducting medium, sparks 
passed between her person and any object she approached ; when most 
fevourably circumstanced, four sparks per minute would pass from her 
finger to the brass ball of the stove at the distance of inch. From 
the pain which accompanied the passage of the sparks, her condition was 
a source of much discomfort to her. The circumstances which appeared 
most fiivourable to the generation of the electricity, were an atmosphere 
of about 80®, tranquillity of mind, and social enjoyment ; whilst a low 
temperature and depressing emotions diminished it in a corresponding 
degree. The phenomenon was first noticed during the occurrence of an 
Aurora Borealis; and though its first appearance was sudden, its departure 
was gradual. Various experiments were made, with a view of ascer- 
taining if the electricity was generated by the friction of articles of dress; 
but no change in these seemed to modify its intensity. 

* “CaspOT’fl Woohenschrift,” 1849, No. 15. 

f ** American Journal of Medical Sciences,*’ January, 1838. 
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CHAPTER XL 

OF THE FUNCTIONS OF THE CEREBRO-8PINAL NERVOUS SYSTEM* 
1. General Summary. 

426. The Nervous System of Man, like that of all other Animals, is 
composed of ganglionic centres and nerve-trunks ; the former being 
essentially composed of * vesicular substance,’ made-up of cells which may 
be spheroidal, fusiform, caudate, stellate, or of almost any variety of shape; 
the latter consisting entirely of ‘ nerve-fibres,’ which, in their most com- 
pletely-developed state, are tubular. All our knowledge of the structure 
and endowments of these two forms of tissue, renders it probable that 
they bear a complementary relation to each other ; the Vesicidar substance 
having for its office to originate changes, which it is the function of the 
Fibrous to conduct. And thus, by means of the extensive ramifications 
of the nerve-trunks, and the power of instantaneous transmission which 
they possess, almost every part of the body is brought into such close 
relation with the central Sensorium, that impressions made even at the 
points most remote from it are immediately felt there (provided the 
nervous communication be perfect) ; while the influence of Mental states 
in determining movements, is exerted no less speedily and surely upon 
the muscular apparatus. For the transmission of these two sets of im- 
pressions, the ‘ centripetal’ and the ^ centrifugal,’ two distinct sets of fibres 
are provided, neither of which is capable of taking-on the function of the 
other ; these are termed respectively, the afferent and the efferent.* Of 

Fig. 88. Fig. 89. 




Microscopic Ganglion from Heart of Prog, BtpoUur OmigUonie CeU$ and norro-fibm 

thowlng at a, a Unipolar QangUome Cell. from gang^n of 6thi Pair in Lamprey. 

* The * afferent' nerves are commonly designated sensory ; bat tbis is not strictly 
correct, innce they frequently convey impressions which do not give rise to sens^ons. 
The ‘efferent’ nerves, in like manner, though generally are by ap 

neoeasarily so. 

QG 
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tke mode in which the former terminate in the central organs towards 
which they pass, and in which the latter commence their course in these 
same organs, no general statement can as yet be made ; but it is quite 
certain 5iat, in many instances at least, there is an absolute continuity 
from one form of nerve-tissue to the other. Three principal modes have 
been ascertained, in which this may occur. Either a globular cell may 
give-off a single prolongation that* becomes a fibre, as seen at a, Fig. 88 ; 
in which case the cell is said to be ‘ unipolar.’ Or a ganglion-cell presents 
itself (as it were) in the course of a nerve-tube, having each of its 
extremities prolonged into a fibre, as shown in Fig. 89 ; in which case 
the cell is said to be ‘ bipolar.’ The former of these arrangements seems 
to be more common in the nervous centres of Man and the higher Verte- 
brata ; whilst the latter prevails in Fishes. But in certain parts of the 
nervous centres of Man, we meet with ganglionic cells sending-out 
radiating prolongations to the number of three, four, five, six, or more ; 
some of which are occasionally to be traced into continuity with the axis- 
cylinders of nerve-tubes, as seen at a, 5, Fig. 90 ; whilst others, it is 

Fio. 90. 



SteUale OomgUonio Cell^ from ‘ substantia ferrumnea* of Human Brain ; one of its prolonga- 
tions, a, booming continuous with the axis-cylinder of a double-contoured nerve-fibre, h. 


probable, inosculate with those of other stellate cells. Dr. Beale* has 
adduced strong evidence, derived from microscopic investigation with 
high power, that all nerves primarily originate in ganglionic cells ; that 
such cells, without exception, are connected with, or pass into, fibres ; and 
that there are no free nerve-cells whatever : and he is of opinion that 
many anatomical facts may be brought forward, rendering it very probable 
that a fibre passing /rom a cell in a nervous centre, returns to the same 
cell; and thus that, however long and circuitous its course, and however 


* ‘^ArchiTW of Medicine,” vol. iii. p. 284. 
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numerous its connections with other cells and fibres may be, a comply 
and uninterrupted circuit may be shown to be constantly present.^ 

427. Regeneration <?/ Nervous Structure, — If a nerve be divided by a 
sharp instrument, and the ends placed in apposition, they will rapidly re- 
unite, with complete restoration of function. The union is accomplished 
by the effusion of lymph containing nuclei, f which become connected by 
fibres that ultimately form the axis cylinders of new nerves ; the medul- 
lary sheath being subsequently developed around them. It is questionable 
whether, after extirpation of a ganglion, new ganglionic corpuscles can be 
formed; yet, in Brown- S^quard’s experiments upon pigeons, it was found 
that the whole spinal cord would reunite after division, with almost com- 
plete restoration of function. The distal extremities of nerves separated 
from their centres by section xmdergo fatty degeneration.^ Various expe- 
rimenters have sought to determine whether a sensory nerve can be made 
to convey motor impulses, and vice versd. For this purpose, no nerves 
are more conveniently situated than the hypoglossal and lingual branch 
of the Fifth. If these be divided, and the peripheric extremity of the hypo- 
glossal nerve be placed in apposition with the outer extremity of the 
lingualis, in a few weeks union will have occurred ; and although the 
muscles may be excited to contract by an electrical current applied to the 
lingualis or sensory nerve, yet there is total loss of voluntary control over 
the lingual muscles ; and if the operation be performed on both sides, the 
animal is rendered permanently incapable of protruding its tongue. § Yet 
Philippeaux and Vulpian|| draw the conclusion from their experiments, 
that when the properties of the hypoglossal nerve have been abolished 
by section, after the lapse of some time the lingualis acquires motor powerd 
which it did not previously possess. 

428, The chemistry of the Nerves has hitherto received but little 
attention at the hands of Chemists. The Brain contains about 75 per 
cent of water, and 25 of solid residue, of which about 15 parts consist of 
fatty substances, 7 ’5 of albuminous compounds, 1*5 of salts, and 1 of 
extractive matters. The proportions of these constituents, however, are 
different in other parts of the nervous system ; the amount of water, for 
instance, varying from 70 to 85 per cent. The fat contained in the grey 
matter is always much smaller than that in the white. 100 parts of the 
fatty substances consist, according to v. Bibra, of 30 parts of Cerebriu, 
20 of Cholesterine, and 50 of other oleaginous substances, including Oleo- 
and Glycero-phosphoric acids, Lecithin, Olein, and Palmitin, and the Oleic 
and Palmitic acids. Besides these, v. Gorup-Besanez^f enumerates an 
albuminous substance resembling Syntonin, a substance analogous to 
Elastin, small quantities of a soluble albuminous substance, Inosite, 
Sarkin, Xanthin, Creatin, Lactic, Uric, and Phosphoric acids, and their 
combinations with. Potash, Lime, and Magnesia; Silicic Acid, Oxide of 
Iron, small quantities of Alkaline Sulphates, and lastly, Chloride of 

♦ We shall hereafter see, however, in considering the distribution of Nerve in velim- 
tarj muscle, that the last proposition is, to say the least, very doubtful. 

t Hjelt-Otto, Virchow’s Archiv,” xix. p. 352. 

t See Schiff, ** Physiologic,** p. iii. 

§ See the experiments of Gluge and Thiemesse, in Brown >S4quard*s de |a 

Physiologic,*’ 1869, vol. ii. p. 386; also those of Philippeaux uid Vnlpiaii, **Ooiiintes 
Eendus,** 1860, ii. p. 863, and 1868, p. 68. 

il Archiv. G6n. de MwU,** Jidy 1868, p, 122. % ** Pbys. Chem.,** 624* 
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Soditun. The qtiantity of Phoi^horus is very ki^, amounting, accord- 
ing to Borsarelli,* to from 1*352 to 1*790 per cent. 

429. As regards the general relations of the principal Centres of the 
Nervous System of Man, it is only requisite here to remark, that those 
which make-up the Cerebro-Spinal portion of the apparatus have such an 
intimate structural relation to each other, and so much more frequently ** 
act consentaneously than sd|)arately, that, notwithstanding the abundant 
evidence of the diversity of their respective endowments, there is con- 
siderable difficulty in the determination of their special functions ; since 
the destruction or removal of any one portion of the Nervous system, not 
only puts a stop to the phenomena to which that portion is directly sub- 
servient, but so deranges the general train of nervous activity, that it 
often becomes impossible to ascertain, by any such method, what is its 
real share in the entire performance. — In this difficulty, however, we may 
advantageously have recourse to the study of the structure and actions of 
those forms of the Nervous System presented to us among the lower 
animals, in which its ganglionic centres are fewer and less intimately con- 
nected, and in which, therefore, it is more easy to gain an acquaintance 
with their several endowments. And from an extensive survey of these, 
we seem able to deduce the following conclusions, which afford the most 
valuable guidance in the study of the Nervous System of Man rl — 

I. The Nervous System, in its lowest and simplest form, may consist of 
but a single ganglionic centre, J with afferent and motor nerves, whose 
function is essentially internuncial; impressions made upon the afferent 
fibres exciting respondent or ^ reflex’ movements in the muscles supplied 
by the motor, without any necessary intervention of consciousness. — 
Such movements are properly distinguished as excito-motor, 

II. A simple repetition of such ganglionic centres may exist to any 
extent, without heterogeneousness of function, or any essential departure 
from the mode of action just indicated ; each of these centres may be 
specially connected hy afferent and motor fibres with one segment or 
division of the body, and may minister peculiarly to its actions ; but the 
several centres may be so intimately connected by commissural fibres, 
that an impression made upon the afferent nerves of any one of them 
may excite respondent motions in other segments. — This we see effected 
through the annular gangliated cord of the higher Kadiata, and through 
the longitudinal gangliated cord of the Articulata ; the disposition of the 
ganglia and of their connecting cords, having reference simply to the 
general plan of the body. 

III. A higher form of Nervous &stem is that in which the multiplica- 
tion of ganglionic centres has r^erence, not to the multiplication of 
similar parts which are to be alike supplied with nervous power, but to 
the exercise of a diversity of functions, through the instrumentality of 
different structures: thus, in the higher Articulated and Molluscous 

* Syd. Soo. Year-Book,” 1861, p. 82. 

f For a general view of the facts on which these conclusions are based, see ** Princ. of 
Comp. Phys.,” chap. xiii. 

t It may, perhaps, be doubted whether any Animal really exists, possessing such a 
iservous syi^m, and yet not endowed with consciousness. It is quite certain, however, 
that animals do exist (the Tunicated Mollusca for example), in which the actions above 
refsrred-to are the only oneir of which we have any distinct evidence from observation 
of their habits. , . . 

% 
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tribes, we find ganglionic centres specially set apart for the actions of 
deglutition and respiration, as well as for those of locomotion ; but their 
modus operandt is still the same, these actions being all ^ excito-motor,’ 
that is, being performed through the ‘ reflex’ agency of their several 
ganglionic centres, without the necessary intervention of consciousness. 

^ These centres are connected with each other commissurally, when they 
are required to act with consentaneousness’J and it is frequently to oe 
observed in the most developed forms of each type, that they come into 
actual coalescence, their fimctionai distinctness being still indicated, hoW'^ 
ever, by the distribution of their nerve-trunks. 

IV. In all but the very lowest Invertebrata, the Nervous System in- 
cludes, in addition to the foregoing, certain ganglionic centres, situated 
in the neighbourhood of the entrance to the digestive cavity, and con- 
nected with organs, which, fi*om their more or less close resemblance 
to our own instruments of special sense, we conclude to be organs of 
sight, smell, hearing, &c. Now as we know from our owm experience, 
that impressions made upon these organs produce no influence on our 
actions unless we become conscious of them, and as the Invertebrata 
possess no distinct ganglionic centres of a higher character, it seems to 
be a legitimate inference, that these ‘sensorial’ ganglia are the instru- 
ments by which the animals furnished with them are rendered cognizant 
of such impressions, and through which the sensations thus called into 
existence serve to prompt and direct their movements. What is com- 
monly designated as the ‘brain’ of Invertebrata (more properly their 
‘ cephalic ganglia’) cannot be shown to consist of anything else than an 
assemblage of sensorial centres ; and its actions appear to be entirely of a 
‘ reflex’ character, such of the movements of these animals as are not 
excito-motor, being performed (there is strong reason to believe) in direct 
respondence to sensations excited by internal or external impressions. 
Such movements, therefore, may be designated as sensori^motor^ or con- 
sensuaL Like the preceding, they do not appear to*^involve the partici- 
pation either of Emotion, Eeason, or Will ; and the proportion which they 
bear to the actions of the excito-motor kind, seems to correspond pretty 
closely with the relative development of the cephalic ganglia and of the 
rest of the nervous system, as is very obvious when the larva and imago 
states of Insects are compared. — However disjointed the various ‘ excit^ 
motor’ centres may be amongst each other, we uniformly find them 
connected with the ‘ sensory’ ganglia by commissural tracts ; and this 
anatomical fact, with many phenomena which observation and experi- 
ment upon their actions have brou gj jjfc to light, makes it apparent, that 
besides the reflex actions which areperformed through their own direct 
instrumentality, the sefisory ganglia have a participation in those per- 
formed through other gangHonic centres. Thus it seems probable that a 
stimulus transmitted downwards from the sensory ganglia, to one of tiie 
ganglia of the trunk of a Centipede, excites the efferent nerves of that 
ganglion to call into contraction the muscles supplied by them, just as 
tiie exciter influence arriving at that ganglion tl^ough its own afferent 
nerves would do. ^ 

430. The whole Nervous System of Invertebrated Animals, then, 
may be regarded as ministering entirely to pureH^-nfiex action \ its 
h^heat development, as in the class of jp ooincid^t wtib the 

f 
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highest manifestatioxis of the < lastiiictive’^ powers, Which, when carefiilly 
examined, are found to consist entirely in n^vedients of the excito- 
motor and sensori-motor kinds. When we attentiv^ consider the habits 
of these animals, we find that their actions, though evidently adapted to 
the attainment of certain ends, are very fiu* from evincing a designed 
adaptation on the part of the beings that perform them, such as that of 
which we are ourselves conscious in our own voluntajy movements, or 
which we trace in the operations of the more intelligent Vertebrata. 
For in the first place, these actions are invariably performed in the 
same manner by all the individuals of a species, when the conditions are 
the same ; and thus are obviously to be attributed rather to a uniform 
impulse, than to a free choice; the most remarkable examples of this 
being furnished by the economy of Bees, Wasps, and other ‘ social’ In- 
sects, in which every individual of the community performs its appro- 
priate part, with the exactitude and method of a perfect machine. The 
very perfection of the adaptation, again, is often of itself a sufiicient 
evidence of the unreasoning character of the beings which perform the 
work ; for, if we attribute it to their own intelligence, we must admit 
that this intelligence frequently equals, if it does not surpass, that of the 
most accomplished Human reasoner.”*** Moreover, these operations are 
performed without any guidance from experience ; for it can be proved 
in many cases, that it is impossible for the beings which execute them 
to have received any instruction whatever ; and we see that they do not 
themselves make any progressive attempts towards perfection, but that 
they accomplish their work as well when they first apply themselves to 
it, as after any number of repetitions of the same acts. It is interesting 
to observe, moreover, that as these instinctive operations vary at different 
periods of life, so there is a corresponding variation in the structure of 
the Nervous system. Thus we see that, in the larva of the Insect, these 
operations are entirely directed towards the acquisition of food ; and its 
organs of sense and locomotive powers axe only so far developed as to 
serve this purpose. But in the imago or perfect Insect, the primary 
object is the continuance of the race ; and the sensorial and motor en- 
dowments are adapted to enable the individual to seek its mate, and to 
make preparations (frequently of a most elaborate kind) for the nurture 
of the offspring. — Hence we can scarcely fail to arrive at the conclusion, 
that the adaptiveness of the instinctive operations of Insects, &c., lies in 
the original construction of their nervous system, which causes particular 
movements to be executed in direct respondence to certain impressions 
and sensations. And this view is confirmed by the comparison of such 
movements with those which, in the Human subject, are most directly 
concerned in the maintenance of the life of the ^individual, and in the 
perpetuation of the race. For we have the evidence of our own con- 
sciousness in r^ard to these, that, however obvious their purpose may be, 
and however complete their adaptation to that purpose, they are per- 
formed, not with any notion of that purpose, but at the prompting of an 
irresistible impulse, which k not only independent of all intelligent 
appreciation of the result, but may produce its without even 

affecting the conscicjimwss of the agent. Thus the aafant seeks the 

* Sae"^?riiic. of O^p. Phys.,** 4th edit, p. 694. 
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nipple, and puts its m^&s into suotozlil action, any know- 

le^, deriv^ from msp^iencej^that by b 6 doing it will relieve the nn- 
ea^ feeling of hnng^; and if we could imagine a man ooming into tbe 
world with the full possession of all his faculties, we may feel tolerably 
certain that he would not wait to eat imtil he had learned by experience 
his dependence upon food. We shall see that adult animals whose Cere- 
bral hemispheres have been removed, will eat food that is put into their 
mouths, although they will not go to seek it ; and tHk is the case with 
many Human idiots. When the functions of the Brain are disturbed, or 
in p^ial abeyance, as in fever, we often observe a remarkable return to 
the instinctive propensities in regard to food; and the Physician frequently 
derives important guidance with respect to the patient’s diet and regimen 
(particularly as to the administration of wine), from the inclination or 
disinclination which he manifests. So, in regard to the intercourse of the 
sexes, the impulse which prompts to it does not arise from a knowledge of 
the ultimate purposes which it is designed to answer ; and the higher 
powers of the mind are only so far concerned in it, that when the a^ion 
of the instinctive impulse has led to the formation of a definite idea of the 
object of desire, the Intelligence is prompted to take means for its 
gratification.* 

431. Thus, then, the type of psychical perfection among Invertebrated 
animals, which is manifested in the highest degree in the Social Insects, 
consists in the exclusive development of the Instinctive faculty ; that is, 
of automatic powers of a very simple kind ; in virtue of which, each 
individual performs those actions to which it is directly prompted by the 
impulses arising out of impressions made upon its afferent nerves, without 
any self-control or self-direction ; so that it must be regarded as entirely 
a creature of necessity, performing its instrumental part in the economy 
of Nature from no design or will of its own, but in accordance with the 
plan originally devised by its Creator. 

432. On turning to the Vertebrated series, on the other hand, we find 
that its type of psychical perfection — as shown in Man — consists in the 
highest development of the Eeasorij and in the supreme domination of the 
Willy to which all the ‘automatic’ actions, save those which are absolutely 
essential to the maintenance of the Organic functions, are brought under 
subjection ; so that each individual becomes not only a thinking and 
reflecting, but a self-moving and self-controlling agent, whose actiona 
are performed with a definite purpose which is distinctly before his own 
view, asid are adapted to the attainment of their end by his own intelli- 
gence. This, however, is only true of Man in his most elevated state ; 
and not only in ascending the Vertebrated scale, but also in watching 
the progressive evolution of his mental faculties during the earlier periods 
of his life, may we trace a regular gradation, from a condition but little 

* We have not, perhaps, any right to affirm that there is nothing wh(U€verm8XofSom 
in the Invertebrata to the Reasoning powers and Will of higher animals ; but if ikew 
faculties have any elistence among them, they must be regarded as in a merely mdi* 
mentary state, corresponding with the undeveloped condition of the Oerebaram, The 
only distinct indication of intelligence displayed Invertehrata, is the idigbt degree el 
cap^ity of leaiiMig by experience'’ which some of them display ; this eapscs^ i^ing 
limited to the mere formation of amdations between tbf iMb^cal states ealled^vip hj 
different objects of sense, which we observe to be the ia the derdepmsiitt vi 

the mental powers in the Homan infent ^ ^ 
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(If all) in advance of that d the higher Ihr^rtebrata, up to that which 
ia displayed in the noblest examples of Humanity^ Through the entire 
series^ however, we perceive that the Excito-motor and Sensori-motor 
portion of the Nervous eystem (§ 435) constitutes its iundamental and 
essential part; serving not merely as the instrument whereby those 
actions are performed, which are as necessary among the higher animals 
as they are among the lower, for the maintenance of the Organic functions; 
but also as the immediate recipient of all those impressions from without, 
by which the higher operations of Mind are excit^, and as the executant 
of the actions which proceed from them. But as we ascend the Verte- 
brated scale, or as we watch the progressive psychical development of 
the Infrnt, we find it becoming more and more obvious that the actions 
are prompted, not so much by simple sensations, as by ideas or notions 
of the objects to which they relate ; these ideas being founded, in a large 
proportion of instances, upon the results of past experience, and the 
course of action being shaped in accordance with it. In the acts of 
animals of a still higher grade, as in those of the Child, we can scarcely 
fail to perceive the manifestation of reasoning processes analogous to those 
which we ourselves perform, and the expressions of some of those 
emotional states of which we are ourselves conscious. The superaddition 
of these more elevated endowments, in the Vertebrated series, is coinci- 
dent with the addition of a peculiar ganglionic centre, the Cerebrum^ to 
the Sensori-motor apparatus; and the relative proportion which the 
former bears to the latter, both as to size and to complexity of structure, 
corresponds so closely with the degree of predominance which the Intelli- 
gence possesses over the Instinctive propensities, that it is scarcely 
po&sible to doubt that the Cerebrum is the instrument through which 
this higher form of psychical power is exercised. Much of this eicercise, 
however, may still be automatic in its nature; for so long as the 
current of thought and feeling flows-on in accordance with the direct 
promptings of Suggestion, and without any interference from Volition, 
may it be considered as a manifestation of the ^ reflex’ activity of the 
Cerebrum, which takes the form of a mental instinct. This reflex activity 
manifests itself not only in the psychical operations themselves, but also 
in muscular movements ; and these, when they proceed from simple ideas 
without any excitement of feeling, may be designated as ideo-motor ; 
whilst if they spring from a passion or emotion, they are termed 
emotional. The mental instincts, however, are by no means as invariable 
in the different individuals of the same species, as are what be 
termed the physical Instincts of that inferior part d the nervous 
apparatus, which is more closely connected with the maintenampe of the 
Organic life; the particular changes which any given suggestibns^will 
excite in each, being partly determined by original eonstitutfen, and 
partly by acquired habits. 

433. The superiority of the Mind of Man over that of the most 
elected among the lower animals, consists not only in the far greater 
variety and range of his faculties, but yet more in that doimjiftnt power 
of ^e Will, which enables him to utilise them with the h^estn^effect 
In so flir as the course of his thoughts and feelings is the mere result of 
the action of external impressions upon an organization having certdih 
respondent tendencies, must he^ be considered as irresponsible flar hia 
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acldoixs, Ms character being formed jbt instead of hy Mm ; bttt in so &r alt 
he can exert a Volitional power of directing his thoughts and eon^lling 
Ms feelings, may he rise superior to circumstances, make Ike most ad*^ 
vantageous use of the Intellectual faculties with which he may be 
endowed, and bring his Moral character more and more into accoroance 
with the highest type which his nature tnay be capable of attaining in its 
present sphere of existence. Notwithstanding the evidences of rationality 
wMch many of the lower animals present, and the manifestation^ wMon 
they display of emotions that are similar to our own, there is no ground to 
believe that they have any such controlling power ; on the contrary, all 
observation seems to lead to the conclusion, that they are imder the 
complete domination of the ideas and emotions by which they may be for 
the time possessed, and have no power either of repressing these by a 
forcible act of Will, or of turning the attention, by a like voluntary 
effort, into another channel. In this respect, then, their Cbndition 
resembles that of the Dreamer, the Somnambule, or the Insane patient, 
in all of whom this voluntary control is suspended, and who (when their 
minds are susceptible of external impressions) may be so ‘ played upon * 
by the suggestion of ideas, that any respondent action consistent with 
the ordinary mental state of the individual may be evoked by an appro- 
priate stimulus ; just as we see in the case of animals that are trained to 
the performance of particular sets of movements, which are executed in 
respondence to certain promptings conveyed to them through their 
sensorium. Now between the complete want of tMs controlling power 
of the Will, and the most perfect possession of it, every intermediate 
gradation is presented by the several individuals which make up 
Qie Human species ; some persons being so much accustomed, in conse- 
quence Of the weakness of their Will, to act directly upon the prompting 
of every transient impulse, that they can scarcely be said to be voluntary 
agents ; and others allowing certain dominant ideas or habitual fbelinga 
to gain such a mastery over them, as to exercise that determining power 
wMch the WiU alone ought to exert. This gradation may be perfectly 
^ traced in children, in whose education the development of the faculty of 
‘ self-control’ should be a leading object; and it is also displayed in cerfMn 
phases of mental Imbecility, which result from a deficiency of the power 
of voluntarily fixing the attention upon any object of consciousness, and 
of thus withdrawing it either from external objects that tend to distract 
the mind, or from notions it has adopted which hold it in subjection. 

434. ^Wnben we apply ourselves to the study of the Cerebro-Spinal 
Nervous centres of Man, we find ourselves peculiarly liable to be misled 
by the gi^t development which the Cerebrum presents, both a$ io size 
and complexity of structure, in proportion to the other centres; and 
thus it hSs happened that, through the too exclusive attention commonly 
paid to Rrnnan Anatomy, 'the meaning of the facts brought to light by 
dissection iias been very commonly misapprehended, and many of 
physiological interpretations based upon them have been compleMy 
negatived l^more extended inquiry. — It is only, in feet, by studyim 
the C^:#>rcWpinal apparatus in itslowest/ as well as in its M|^be8t'fefrii| 
and by bringing the intervening grades into comparison wiSi both ex^ 
treiM, that it is poi^ble to establiek what are its fundamental or essen^aly 
and ^what its accessoiy parts; and in iMs way <mty ^ eoch 4 fo&ne* 
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spondence be established between the development of a particular struc- 
ture and the manifestation of a psychical endowment, as may enable the 
latter to be attributed with any degree of probability to the former. In 
fact there is no part of the Human Organism, as to which the advantages 
of such a comparison are so striking, or in which the value of the “ ex- 
periments ready prepared for us by Nature” is so much above that of the 
results of artificial muti^tions. 

'435. Cerehro-Spin^lljSfervous Centres , — Under the guidance, then, of 
principles, Jrp pnd that we may distinguish, as the fundamental part 
of the Cerebro-jqijnal apparatus of Man, the Cranio-Spinal Axis^ con- 
sisting of the Spinal Cord, the Medulla Oblongata, and the Sensory 
Ganglia, and altogether constituting the centre of automatic movement. 
— The Spinal Cord, consisting of a tract of vesicular matter enclosed 
within strands of longitudinal fibres, and giving-off successive pairs of 
intervertebral nerves which are connected at their roots with both of 
these components, is obviously homologous with the gangliated ventral 
column of the Articulata, chiefly differing from it in the continuity of 
the ganglionic substance which occupies its interior ; and each segmental 
division of it, which serves as the centre for its own pair of nerves, may 
be considered, like each ganglion of the ventral column of the Articulata, 
as ^repetition of the single ‘pedal’ or locomotive ganglion of the 
Mollusca. — The Medulla Oblongata consists of a set of strands, which 
essentially correspond with the cords that pass round the oesophagus in 
Invertebrated animals, connecting the cephalic ganglia with the first 
sub-oesophageal ganglion ; but as the whole cranio-spinal axis in the 
Vertebrata lies a^ove the alimentary canal (the trunk bein^ supposed to 
be in a horizontal positic'ii), there is no such divergence of these strands, 
the only separation between them being that which is know^^as the 
‘ fourth ventricle.’ Interposed among the commissural fibres of the 
Medulla Oblongata, however, are certain collections of vesicular matter, 
which serve as the ganglionic centres for the movements of respiration 
^d deglutition, and which thus correspond with the ‘ respiratory’ and 
‘ s1x>mato-gastric’ ganglia of Invertebrated animals. This incorporation of ' 
so many distinct centres into one system, would seem destined in part 
to afford to all of them the protection of the vertebral column ; and in 
part to secure that consentaneousness of action and that ready means of 
mutual Sifluence, which are peculiarly requisite in beings in whom the 
activity of the Nervous system is so predominant. Thus the close con- 
nection which is esjablished in the higher Vertebra ted animals between 
the respiratory ai^ jifie general locomotive apparatus, is obviously sub- 
servient to the us^-irhich the former makes of the latter in the perform- 
ance of its functions ixwhilst, on^the other hand, the control which their 
encepIteJic centi^ pdpsess over the actions of the respmatory ganglia, 
enables the Will to iiispiratory ^nd expir^ipy movements 

in the manner^^quired the act^,pf vocalizatj^.— Arnder the term 
Sensory Ganglid^ may be "^comprehended that assemblage of .ganglionic 
masses lying ^ong the base of the sku]|^ 

the Medulla Oblongata, in whicb^he nerves of the ^j^cial^snses. 
Taste, Hearing, Sight, and SmelMjlpye their centcld tei^yii^icms ; and 
with these may probably be the two pairs ganglionic bodies 

known as the Corpora Striata* and Thalami Optiti, mto which he 
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traced the greater proportion of the fibres that constitute the various strands 
of the Medulla Oblongata, and which seem to stand in the same kind of 
relation to the nerves of Touch or ‘ common sensation,’ that the Olfactive, 
Optic, Auditory, and Gustative ganglia bear to their several nerve-trunks. 

436. Now it is not a little interesting, that this Cranio-Spinal axis, 
which represents in Vertebrated animals the whole nervous system of 
the Invertebrata (with the exception of the rudiijjjiCnt of the Sympathetic 
which they possess), should exist in the low^gt known Vertebrated 
animal without any superaddition, and should be sij^ient for the pplW 
formance of all its actions. Such is the case in the^^5ui:ious Amphioxuh^ 
a little fish which presents not the slightest trace of either Cerebrum or 
Cerebellum, and in which even the sensory ganglia and the organs of 
special sense have only a rudimentary existence ; and in which, too, the 
spinal cord is composed of a series of ganglia tliat are obviously distinct 
from each other, although in close approximation. And even in the 
lower Cyclostome Fishes, the condition of the nervous centres is very 
little above this, save as regards the larger development of the sensory 
ganglia. — This condition has its parallel, even in the Human species, 
in the case of Infants which are occasionally born without either Cere- 
brum or Cerebellum ; such have existed for several hours, or even ^ays, 
breathing, sucking, crying, and performing various other moveia&ntB; 
and there is no physiological reason why their lives should not be pro- 
longed, if they be nurtured with sufficient care. 

437. In Man, however, as in all the higher Vertebrata, we find super- 
imposed (as ^t were) upon the Sensory ganglia, and constituting the 
principal mass of the Encephalon, the bodies which 

are known as the Cerebral Hemispheres^ or Hemi- Fio 


spherit^Ganglia. Now when these are so greatly 
developed as to cover-in and obscure the Sensory 
ganglia to the degree which presents itself in Man, 
it is not surprising that the fundamental import- 
ance of the latter should not be generally recog- 
nized ; in Fishes, however, the proportion between 
the two sets of centres is entirely reversed, the 
rudiments of the Cerebral Hemispheres (Fig. 91, b) 
being usually inferior in size to the Optic ganglia 
(c) alone. Indeed, of the pair of ganglionic masses 
to which that designation is usually applied, it may 
be almost positively shited, that the greater part as 
homologous with the Corpora Striata of the Human ' 
brain; it being only in the higher Cartilaginous ! 
fishes, that a ventricular cavity exists in each of 
these bodies, separating the thin layer of tru^^ 
Cerebral suba^ce which overlies it, from th^gi^ixi* 


glionic mass wmch §)tems its floor^ , Between.'fSiese 
two extremes, a regular gradation is presented in 


the p^rn3(iSdft|jf tribes. — -^ow 4% is a point espe- 
ciallj'^llwoi^h^^f note, ^at no Musory nerves 
terminate d^^ly ia the Cerebni&^nor do any 
motor nerves feujfcfrom it; and thenf^ms a strong 


presented in 

Cod:-^A, olfao- 
point espe ganglia; B, cerebral 

sory nerves lobes ; o, optic gwglia ; », 
j cerebellum. 


motor nerves feiufcfrom it ; and thenf^ms a strong probabiKty that there 
is not\ae fc^rmerlj^upposed) a direct contiimity between all or even any of 
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the nerve-fibres distributed to the body, and the medullary si^bstance of 
the Cerebrum. For whilst the nerves of ‘ special’ sense have th^ei/ own 
ganglionic centres, it cannot be shovfethat the nervous fibree of * gex^piid* 
sense, which either enter the cranium as part«<>f the cephanio*’ nerves, or 
which pass-up from the Spinal cord, have any higher destination than ^ 
the Thalami Optici. So the motor fibres which pass-forth from 
the cranium, either into the cephalic nerve-trunks, or into the motor 
columns of the Spinal cord, though commonly designated as Cerebral, 
cannot be certainly said to have a higher origin than the Corpora 
Striata. And we shall find strong physiological as well as anatomical 
ground for the belief, that the Cerebrum has no communication with the 
external world, otherwise than by its connection with the Sensori-motor 
apparatus ; and that even the movements which are usually designated 
as ‘ volimtary ’ are only so as regards their original source, the stimulus 
which calls the muscles into contraction being even then immediately 
issued from the Cranio-Spinal axis, as it is in the movements prompted 
by the reflex stimulation of an external impression. 

438. Wherever a Cerebrum is superimposed upon the Sensory Ganglia, 
we find another ganglionic mass, the Cerebellum, superimposed upon the 
Medulla Oblongata. The development of this organ bears a general, but 
by no means a constant relation to that of the Cerebrum : for in the 
lowest Fishes it is a thin lamina of nervous matter on the median line, 
only partially covering-in the ^ fourth ventricle;’ whilst in the higher 
Mammalia, as in Man, it is a mass of considerable size, having two lateral 
lobes or hemispheres in addition to its central portion. The direct com- 
munication which the Cerebellum has with both columns of the Spinal 
cord, and the comparatively slight commissural connection which it 
possesses with the higher portions of the Encephalic centres, justify the 
supposition that it is rather concerned in the regulation and co-ordina- 
tion of the actions of the former, than in any proper psychical operations ; 
and it will hereafter be shown that the various kinds of evidence afforded 
by Comparative Anatomy, by Experimental inquiry, and by Pathological 
observation, all tend to support this view of its function. 

439. Now although every segment of the Spinal Cord, and every one 
of the Sensory Ganglia, may be considered, in common with the Cere- 
brum, as a true and independent centre of nervous power, yet this inde- 
pendence is only manifested when these organs are separated from each 
other ; either structurally — by actual division ; or fimctionally — by the 
suspension of the activity of other parts. In their state of perfect inte- 
grity and complete functional activity, they are all (at least in Man) in 
such subordination to the Cerebrum, that they only minister to Us 
actions, except in so far as they are subservient to the maintenance of 
the Organic functions, as in the automatic acts of breathing and swallow- 
ing. With regard to every other action, the Will, if it possess its due 
predominance, can exercise a determining power; keeping in check every 
automatic impulse, and repressing the promptings of emotional excite- 
ment. And this seems to result from the peculiar arrangqibout of the 
nervous apparatus ; which causes the excitor impression to tjiavel in the 
upward direction, if it meet with no interruption, imtil it reaches the 
Cerebrum, without exciting any reflex movements in its course. When 
it arrives at the Sensorium, it makes an impression on the consciousness 
of the individual, and thus gives rise to a sensation ; and the change 
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thus ^duoed, being further propagated from the sensory ganglia to the 
O^ebnnn, becomes the occasion ofrthe formation of an idea. If with 
thi^dea any pleasurable or painful feeling should be associated, it 
assumes tlie character pf eiiotwn ; and either as a simple or as an 
^motional idea, if becoipes the subject of intellectual operations,, whose 
final issue is in a volitional detemdnation, or act of the Will, which may 
be exerted in producing or checking a muscular movement, or in con- 
trolling or directing the current of thought. 

440. But if this ordinary upward course be anywhere interrupted, the 
impression will then exert its power in a transverse direction, and a 
^ reflex ’ action will be the result ; the nature of this being dependent 
upon the part of the Cerebro- Spinal axis, at which its ascent had been 
checked. Thus if the interruption be produced by division or injury of 
the Spinal Cord, so that its lower part is cut-off from communication 
with the encephalic centres, this portion then acts as an independent 
centre ; and impressions made upon it through the afferent nerves pro- 
ceeding to it from the lower extremities, excite violent reflex move- 
ments, which, being thus produced without sensation, are designated as 
‘ excito-motor.’ — So, again, if the impression should be conveyed to the 
Sensorium, but should be prevented by the removal of the Cerebrum, or 
by its state of functional inaction, or by the direction of its activity into 
some other channel, from calling-forth ideas through the instrumentality 
of the latter, it may react upon the motor apparatus by the ‘ reflex’ 
power of the Sensory ganglia themselves ; as seems to be the case with 
regard to those locomotive actions which are maintained and guided by 
sensations during states of profound abstraction, when the attention of 
the individual is so completely concentrated upon his own train of 
thought, that he does not perceive external objects, although his move- 
ments are obviously guided through the visual and tactile senses. Such 
actions, being dependent upon the prompting of sensations, are ‘ sensori- 
motor’ or ‘consensual,’ — But further, even the Cerebrum responds 
automatically to impressions fitted to excite it to ‘ reflex ’ action, when 
from any cause the Will is in abeyance, and its power cannot be exerted 
either over the muscular system or over the direction of the thoughts. 
Thus in the states of Reverie, Dreaming, Somnambulism, &c., whether 
spontaneous or artificially induced, ideas which take possession of the 
mind, and from which it cannot free itself, may excite respondent move- 
ments ; and this may happen also when the force of the Idea is morbidly 
exaggerated, and the Will is not suspended, but merely weakened, as in 
many forms of Insanity. 

441. The general views here put-forth in regard to the independent 
and connected actions of the several primary divisions of the Cerebro- 
Spinal apparatus, may perhaps be rendered more intelligible by the 
following Table, which is intended to represent the ordinary course of 
operation when the whole is in a state of complete functional activity, 
and the character of the ‘ reflex ’ actions to which each part is sub- 
servient, when it is the highest centre that the impression can reach. 
The directing power of the Will seems to be most strongly exerted 
over those actions which are most closely connected with psychical 
changes, and which are exclusively Cerebral in their seat. It has been 
already pointed-out, that the Cranio-Spinal axis not merely serves as 
the channel for the reception of the impressions which excite the 
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activity of the Hemispheric gangling and as the instrument whereby 
the results of their operation are brought to bear upon the muscular 
system; but that it is also the centre of reflexion through which various 
automatic movements are called-forth, that are immediately concerned 
in the maintenance of the organic functions. The impressions which 
excite these movements do not in general pass-on to the Cerebrum ; for 
we only perceive them when we specially direct our attention to them, 
or when they exist in unusual potency. Thus we are unconscious of the 
‘ besoin de respirer’ by which our ordinary movements of respiration 
are prompted ; and it is only when we have refrained from breathing 
for a few seconds, that we experience a sensation of uneasiness which 
impels us to make forcible efforts for its relief. Notwithstanding, how- 
ever, that the Cerebrum is thus unconcerned in the ordinary perform- 
ance of these automatic movements, yet it can exert a certain degree of 
control over many of them, so as even to suspend them for a time, though 
in no instance can it carry this suspension to such an extent as seriously 
to disarrange the Organic functions; thus, when we have voluntarily 
refrained from breathing for a few seconds, the inspiratory impulse so 
rapidly increases in strength with the continuance of the suspension, 
that it at last overcomes the most powerful effort we can make for the 
repression of the movements to which it prompts (§ 270, note). Now in this 
and similar cases, it would seem as if the Will interfered to prevent 
that direct transverse passage of the stimulus from the afferent to the 
efferent nerves, through the Cranio-Spinal axis, which constitutes the 
ordinary line of action for impressions having their origin in the neces- 
sities of the Organic or Vegetative life of the individual. That the 
Will should have a certain degree of control over these movements, is 
necessary in order that they may be rendered subservient to various 
actions which are necessary for the due exercise of Man’s psychical 
powers ; but that they should not be left dependent upon its exercise, and 
should even be executed in opposition to it when the wants of the system 
imperatively demand their performance, constitutes a wise provision for 
securing Life against the chance of inattention or momentary caprice. 
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442. The Cerebro- Spinal systei^ is intimately blended with another 
set of ganglionic centres and nerve-trunks, scattered in different parts of 
the body, but mutually connected with each other ; this is commonly 
termed the Sympathetic system ; but not unfrequently, from the position 
of its principal centres, and their evident functional relation to the 
apparatus of Organic life, the Visceral system. To this system we are 
probably to refer, not only the Semilunar and Cardiac ganglia (which 
seem to be its principal centres), with the chain of cranial, cervical, 
thoracic, lumbar, and sacral ganglia, which are in nearer comiection with 
the Cerebro- spinal system; but also numerous minute ganglia, which are 
to be found on its branches in various parts. Moreover, the ganglia 
upon ijie posterior roots of the Spinal nerves, and those upon the roots 
and trunks of certain Cranial nerves, may be ranked with considerable 
probability under the same category; and if such be the case, those 
fibres contained in the Cerebro-spinal nerves, which have these as their 
ganglionic centres, must also be accounted as belonging to the Sympa- 
thetic system. On the other hand, there unquestionably exist numerous 
fibres in the Visceral system, which proceed into it from the Cerebro- 
spinal system ; these, however, are not uniformly distributed, for some 
of the Visceral nerves contain few or none of them, whilst in others they 
are numerous. The branches by which the Sympathetic system com- 
municates with the Cerebro-spinal, and which were formerly considered 
as the roots of the Sympathetic system, seem to contain fibres of both 
kinds ; — i.e., Cerebro-spinal fibres passing into the Sympathetic, and 
Sympathetic fibres passing into the Cerebro-spinal. The latter are chiefly, 
if not entirely, transmitted into the anterior branches of the Spinal 
nerves ; the posterior branches being apparently supplied with sympa- 
thetic fibres from the ganglia on their own posterior roots. Some of 
these last fibres also pass from the Cerebro-spinal into the Sympathetic 
system. By these communications, the two systems of fibres are so 
blended with each other, that it is impossible to isolate them. — The 
branches proceeding from the Semilunar ganglia are distributed upon the 
vessels of the abdominal viscera ; and those of the Cardiac ganglia upon 
the heart and the vessels j)roceeding from it. The latter seem to accom- 
pany the arterial trunks through their whole course, ramifying minutely 
upon their surface ; and it can scarcely be doubted that they exercise an 
important influence over their functions. What the nature of that influence 
may be, however, will be a subject for future inquiry (chap. xv.). It is 
so evidently connected with the operations of nutrition, secretion, &c., 
that the designation ‘ nervous system of organic life,’ as applied to 
this system, does not seem objectionable, provided that we do not under- 
stand it as denoting the dependence of these functions upon it. — The 
inter-penetration of the Cerebro-spinal system by the Sympathetic is 
strongly marked by these two circumstances; — that, in some of the 
lower Vertebrata, the distribution of their trunks cannot be separately 
distinguished; — and that, even in the highest, some of the Glands, of 
which the secretion is most directly influenced by the condition of 
the mind, are supplied with most of their nerves from the cerebro- 
spinal system, the lachrymal and sublingual glands receiving large 
branches from the fifth pair, and the mammary glands from the inter- 
costal nerves. 



464 


FUNCTIONS OF THE CEREBRO-SPINAL NERVOUS SYSTEM. 


443. Cerehro- Spinal Nerve- Trunks. — Having thus considered the prin- 
cipal attributes of the ganglionic centres of the Cerebro- Spinal system, 
we have next to inquire into those of the nerve-trunks which are con- 
nected with them. It is only in the Vertebrata, that the difference 
between the afferent and efferent fibres of the nerves has been satisfactorily 
determined. The merit of this discovery is almost entirely due to Sir 
C. Bell, who was led to it by a chain of reasoning of a highly philoso- 
phical character ; and although his first experiments on the Spinal nerves 
were not satisfactory, he virtually determined the respective functions of 
their two roots, — the posterior as sensory (afferent), the anterior as motor 
(efferent), — by experiments and by pathological observations upon the 
Cranial nerves, some of which contain only one class of fibres to the ex- 
clusion of the other, before any other physiologist came into the field.* 
Subsequently his general views were confirmed by the very decided 
experiments of Muller; but until very recently, some obscurity hung 
over a portion of the phenomena. It was from the first maintained by 
Magendie, and has been subsequently asserted by other physiologists, that 
the posterior and anterior roots of the nerves were both concerned in the 
reception of impressions and in the production of motions ; for that, on 
touching the posterior roots, not only the sensibility of the animal seemed 
to be affected, but muscular motions were excited : and that, when the 
anterior roots were touched, the animal gave signs of pain, at the same 
time that convulsive movements were performed. These physiologists 
were not willing, therefore, to admit more than that the posterior roots 
were especially sensory, and the anterior especially motor. But the 
knowledge we now possess of the ‘reflex’ function of the Spinal Cord 
enables the former portion of these phenomena to be easily explained. 
The motions excited by irritating the posterior roots are found to be 
entirely dependent upon their connection with the Spinal Cord, and upon 
the integrity of the anterior roots and of the trunks into which they 
enter ; whilst they are not checked by the separation of the posterior 
roots fi*om the peripheral portion of the trunk ; it is evident, therefore, 
that excitation of the posterior roots does not act immediately upon the 
muscles, through the trunk of the nerve which they contribute to form ; 
but that it excites a reflex motor impulse in the Spinal Cord, which is 
propagated through the anterior roots to the periphery of the system. — 
The converse phenomenon of the apparent sensibility of the anterior roots 
of the Spinal Nerves has been recently investigated and satisfactorily ex- 
plained by M. Brown-S^quard. If these roots be irritated, the animal 
usually gives signs of uneasiness ; but if they be divided, and the cut 
ends nearest the centre be irritated, none such are exhibited : whilst they 
are stiU shown when the farther ends are irritated, but not if the posterior 
roots are divided. According to M. Brown- S6quard,f these phenomena 
are simply due to the circumstance, that on irritating the distal extre- 
mities of the anterior roots the muscles supplied by them are thrown into 
a state of cramp, and pain is experienced from the violent compression ot 
the extremities of the sensory nerves, which of course is no longer felt 
when the roots of the latter are divided. 

444. Every fibre, there is reason to believe, runs a distinct course, 

* See Brit, and Foreign Med. Review,” vol. ix. p. 140, &c. 

t “Lectures on the Physiology of the Central Nervous System,” 1860; Lecture i. 
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between the central organ, in which it loses itself at one extremity, and 
the organ of sense, muscle, or other tissue, in which it terminates at the 
other; in the terminal ramifications of the nerves, however, a subdivision 
of the fibres is frequently observable. Each nervous trunk is made-up 
of several fasciculi of these fibres; and each fasciculus is composed of a 
large number of the ultimate fibres themselves. Although the fasciculi 
occasionally intermix and exchange fibres with one another (as occurs in 
a plexus)^ the fibres themselves never inosculate. Each fibre would seem, 
therefore, to have its appropriate office, which it cannot share with 
another. — Several objects appear to be atUiined by the plcxiform arrange- 
ment. In some instances it serves to intermix fibres, which have endow- 
ments fundamentally different : for example, the S])inal Accessory nerve, 
at its origin, appears to be exclusively motor, and the roots of the Pneu- 
mogastric to be exclusively afferent ; but by the early admixture of these, 
a large number of motor fibres are imparted to the Pneumogastric, and 
are distributed in variable proportion, with its different branches ; whilst 
a few of its sensory filaments seem to enter the Spinal Accessory. — In 
other instances, the object of a plexus appears to be, to give a more ad- 
vantageous distribution to fibres, which all possess corrcs])onding endow- 
ments. Thus the Brachial plexus mixes-together the fibres arising from 
five segments of the sj)inal cord, and sends-ofi* five principal trunks to 
supply the arm. Now if each of these trunks had arisen by itself*, from 
a distinct segment of the spinal cord, so that the parts on which it is 
distributed had only a single connection with the nervous centres, they 
would have been much more liable to ])aralysis than at present. By 
means of* the plexus, every part is suj)plied with fibres arising from each 
segment of the spinal cord ; and the functions of the whole must there- 
fore be suspended, before comjdete paralysis of any part can occur from 
a cause which operates above the plexus. Such a view is borne-out by 
direct experiment; for it has been ascertained by Panizza that, in Progs, 
whose Crural plexus is much less complicated than that of Mammalia, 
section of the roots of one of the three nerves which enter into it, pro- 
duces little effect on the general movements of the limb ; and that, even 
when two are divided, there is no ])aralysis of any of its actions, all 
being weakened in a nearly similar degree. — But as L)r. Gull has pointed 
out,* one use of such a plexus as the brachial or the crural appears to 
be, to bring the muscles which derive their nervous supply from it, into 
relation with difi*erent ganglionic segments of the Spinal Cord ; each of 
which may exert a diverse action, either in virtue of its own endow- 
ments, or of the influence of the Will ujion it ; so that groups of* muscles 
may thus be associated for combined actions. All consideration of the 
mode in which we make use of our muscles, and of the power which we 
have over them, leads to the conclusion that each ganglionic centre has 
a specific and limited sphere of influence, producing certain movements 
and no others ; hence, for the execution of a variety of movements in 
harmonious combination with each other, it seems requisite that the 
nervous supply of each muscle should be derived from several different 
centres ; and thus it is, that the complication of plexuses comes to be 
related to the variety of movements of the parts supplied through them. 

* ‘Gulstonian Lectures on the Nervous System,’ in “Medical Times,” 1849, p. 372. 
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It is not a little interesting to remark, that arrangements of a similar 
kind present themselves among the higher Invertebrata. 

445. The following statements, in which the doctrines of Prof. Muller* 
are adopted with some modifications and additions, embody the general 
principles ascertained by experiment, respecting the transmission of Sen- 
sory and Motor impressions along the nerves which respectively minister 
to them. Their rationale will be at once understood, from the facts 
already mentioned in regard to the isolated character of each fibril, and 
the identity of its endowments through its whole course. 

I. When the whole trunk of a sensory nerve is irritated, a sensation is 
produced, which is referred by the mind to the parts to which its branches 
are ultimately distributed ; and if only part of the trunk be irritated, the 
sensation will be referred to those parts only which are supplied by the 
fibrils it contains. — This is evidently caused by the production of a change 
in the sensorium, corresponding with that which would have been trans- 
mitted from the peripheral organs of the nerves, had the imj)ression been 
made upon them. Such a change only requires the integrity of the 
afferent trunk between the point irritated and the sensorium, and is not 
at all dependent upon the state of the peripheral part to which the sen- 
sations are referred ; for this may have been paralysed by the division or 
other lesion of the nerve, or may have been altogether separated as in 
ampufcition, or the relative position of its parts may liave been changed, 
as in autoplastic operations. So, when different parts of the thickness of 
the same trunk are separately and successively irritated, the sensations 
are successively referred to the several parts supplied by these divisions. 
This may be easily shown by compressing the ulnar nerve in different 
directions, where it passes at the inner side of the elbow-joint. — Still the 
mind undoubtedly does possess a certain power of discriminating the part 
of the nerve-trimk on which the impression is made ; for whilst this 
impression is such as to produce sensations that are referred to its j)eri- 
pheral extremities, pain is at the same time felt in the spot itself; and it 
would seem as if slight impressions are only felt in the latter situation, at 
least in the normal condition of the trunk or fibre. Thus, as it has been 
well remarked by Volkmann, if a needle’s point be drawn in a straight 
line across the back, or the thigh, or any part in which the nerves are 
widely placed, the mind perceives the line of irritation as a straight one ; 
whereas, if it referred all impressions to the ends of irritated fibres, this 
mode of irritation should be felt in sensjitions variously scattered about 
the line, at the points where the nerve-fibres crossed by the needle 
terminate.”! 

II. The sensation produced by irritation of a branch of the nerve is 
confined to the parts to which that branch is distributed, and does not 
affect the branches which come-off from the nerve higher up. — The 
rationale of this law is at once intelligible : but it should be mentioned 
that there are certain conditions, in which the irritation of a single 
nerve will give rise to sensations over a great extent of the body. This 

* “ Elements of Physiology,’^ translated by Dr. Baly ; pp. 680, 686. 

+ Kirkes and Paget’s Handbook of Physiology,” p. 375. — It does not seem im- 
probable, however, that in the case of the compression or other irritation of a large 
nerve-trnnk, the local pain may be produced through the instrumentality of nervi ner- 
voruTTif the existence of which is scarcely less probable than that of vasa vasorum. 
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^ radiation of sensations’ seems rather due, however, to a particular state 
of the central organs, than to any direct communication among the peri- 
pheral fibres. 

III. The motor influence is propagated only in a centrifugal direction, 
never in a retrograde course. It may originate in a spontaneous change 
in the central organs, or it may be excited by an impression conveyed to 
them through afferent nerves ; but in both cases its law is the same. 

IV. When the whole trunk of a motor nerre is irritated, all the muscles 
which it supplies are caused to contract. This contraction evidently 
results from the similarity between the effect of an artificial stimulus 
applied to the trunk in its course, and that of the change in the central 
organs by which the motor influence is ordinarily propagated. But 
when only a part of the trunk or a branch is irritated, the contraction is 
usually confined to the muscles which receive their nervous fibres from 
it ; in this instance, as in the other, there is no lateral communication 
between the fibrils. — An exception exists, however, in regard to galvanic 
irritation, which may be transmitted laterally when its ordinary course 
is checked ; as has been shown by the following ingenious experiment of 
M. du Bois-Keymond. If any motor nerve be selected which divaricates 
into two branches (as, for example, the sciatic nerve of a frog, which 
divides above the bend of the knee into the tibial and peroneal branches), 
and a galvanic stimulus be applied to either of these branches, this 
having been first divided above its insertion into the muscles, the elec- 
trotonic state will be developed, not merely in the portion of the trunk 
continuous with that branch, but also in that which is continuous with 
the other branch, as will be made apparent by the contraction in the 
muscles supplied by the latter. That this experiment may be free from 
the possible fallacy resulting from the excitement of reflex action, the 
trunk of the sciatic nerve should be divided high-up, or the spinal cord 
be destroyed. 

44G, Determination of the Functions of Nerves, — Various methods of 
determining the fmictions of particular nerves present themselves to the 
Physiological inquirer. One source of evidence is drawn from their 
peripheral distribution. For examj)le, if a nervous trunk is found to 
lose itself entirely in the substance of Muscles, it may be inferred to be 
chiefly, if not entirely, motor or efferent. In this manner Willis long 
ago determined that the Third, Fourth, Sixth, Portio Dura of the Seventh 
(or Facial), and Ninth cranial nerves, are almost entirely subservient to 
muscular movement ; and the same had been observed of the fibres pro- 
ceeding from the small root of the Fifth pair, before Sir C\ Bell experi- 
mentally determined the double function of that division of the nerve 
into which alone it enters. Again, where a nerve j)asses through the 
muscles, with little or no ramification among them, and proceeds to a 
Cutaneous or Mucous surface on which its branches are minutely distri- 
buted, there is equal reason to believe that it is of a sensory or rather of 
an afferent character. In this manner Willis came to the conclusion, 
that the Fifth pair of cranial nerves differs from those previously men- 
tioned, in being partly sensory. Further, where a nerve is entirely dis- 
tributed upon a surface adapted to receive impressions of a special kind, 
as the Schneiderian membrane, the retina, or the membrane lining the 
internal ear, it may be inferred that it is not capable of transmitting any 

H H 2 
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Other kind of impressions ; for experiment has shown that the special 
sensory nerves do not possess common sensibility. The case is different, 
however, in regard to the sense of taste, which originates in impressions 
not removed from those of ordinary touch ; and it is probable that 
the same nerves minister to both. — Anatomical evidence of this kind is 
valuable also, not only in reference to the functions of a principal trimk, 
but even as to those of its several branches, which, in some instances, 
differ considerably. Thus, some of the branches of the Pneumogastric are 
especially motor, and others almost exclusively afferent ; and anatomical 
examination, carefully prosecuted, not only assigns the reasons for these 
functions, when ascertained, but is in itself nearly sufficient to determine 
them. For the superior laryngeal branch is distributed almost entirely 
upon the mucous surface of the larynx, the only muscle it supplies being 
the crico-thyroid ; whilst the inferior laryngeal or recurrent is almost 
exclusively distributed to the muscles. From this we might infer, that 
the former is an afferent, and the latter a motor nerve ; and experimental 
inquiries (as we have seen, § 281) fully confirm this view. In like 
manner it may be shown, that the Glosso- pharyngeal is chiefly an afferent 
nerve, since it is distributed to the surface of the tongue and pharynx, 
and scarcely at all to the muscles of those parts ; whilst the pharyngeal 
branches of the Pneumogastric are chiefly, if not entirely, motor (§ 69). 
Lower down, however, the branches of the Glosso-pharyngeal cease, and 
the oesophageal branches of the Pneumogastric are distributed both to the 
mucous surface and to the muscles, from which it may be inferred that 
they are both afferent and motor ; a deduction which experiment con- 
firms (§ 70). — We perceive, therefore, that much knowledge of the func- 
tion of a nerve may be obtained from the attentive study of its ultimate 
distribution ; but it is necessary that this should be very carefully ascer- 
tained, before it is made to serve as the foundation for physiological 
inferences. As an example of former errors in this respect, may be men- 
tioned the description of the Portio dura of the Seventh (or Facial) at first 
given by Sir C. Bell ; for he incorrectly stated it to be distributed to 
the skin as well as to the muscles of the face, and erroneously regarded 
it as in part an afferent nerve, subservient to respiratory impressions 
as well as to motions. In the same manner, from inaccurate observa- 
tion of the ultimate distribution of the Superior Laryngeal nerve, it 
was long regarded as that which stimulated to action the constrictors of 
the glottis. 

447. But the knowledge obtained by such anatomical examinations 
alone is of a very general kind ; and requires to be made particular, — to 
be corrected and modified, — ^by other sources of information. One of 
these relates to the connection of the trunks with the central organs. The 
evidence derived from this source, however, is seldom of a very definite 
character; and, in fact, Physiologists have rather been accustomed to 
judge of tiie functions of particular divisions of the nervous centres by 
those of the nerves with which they are connected, than to draw aid 
from the former in the determination of the latter. Still, this kind of 
examination is not without its use, when there is reason to believe that 
a particular tract of fibrous structure has a certain function, and when 
the office of a nerve whose roots terminate in it is doubtful. Here, again, 
however, very minute and accurate examination is necessary, before any 
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sound physiological inferences can be drawn from &cts of this descrip- 
tion ; and many instances might be adduced to show, that the real con- 
nections of nerves and nervous centres are often very different from their 
apparent ones. 

448. Most important information as to the functions of particular 
nerves may be drawn from experimental inquiries ; but these also are 
liable to give fallacious results, unless they are prosecuted with a full 
knowledge of all the precautions necessary to insure success. Some* of 
these will be here explained. — In the first place, the endowments of the 
trunk and of the roots of a nerve may differ ; owing to the admixture, in 
the former, of fibres derived by inosculation from another nerve (§ 444). 
Hence, in order to attain satisfactory results, a comparative set of ex- 
periments should always be made upon each. — A nerve-trunk may be 
too hastily considered as motor ^ on account of the excitation of muscular 
movements by irritation of its trunk, whilst still in connection with its 
centre ; for such movements may be called-forth, not only by the direct 
influence of the nerve upon the muscles, but also by reflex stimulation 
acting through the ganglionic centre upon some otlier nerve. The real 
nature of such movements can only be determined by dividing the trunk, 
and then irritating each of the cut extremities. If, upon irritating the 
end separated from the centre, muscular contractions are produced, it 
may be safely inferred that the nerve is, in part at least, of an efferent 
character. Should no such result follow, this would be improbable. If, 
on the other hand, muscular movement should be produced by irritating 
the extremity in connection with the centre, it will then be evident, that 
it is occasioned by an impression conveyed towards the centre by this 
trmik, and propagated to the muscles by some other ; in other words, to 
use the language of Dr. M. Hall, this nerve is an ‘ excitor’ of motion, 
not a direct motor nerve. The Glosso-pliaryngeal has been satisfactorily 
determined, by exj)eriments of this kind, performed by Dr. J. Keid (§ 69), 
to be chiefly, if not entirely, an afferent nerve. — It has been from the 
want of a proper mode of exj)eriraenting, that the functions of the posterior 
roots of the Spinal nerves have been regarded as in any degree motor. 
If they be irritated, without division of either root, motions are often 
excited ; but if they be divided, and their separated trunks be then irri- 
tated, no motions ensue ; nor are any movements produced by irritation 
of the roots in connection with the spinal cord, if the anterior roots have 
been divided. Hence it appears that these fibres do not possess any 
direct motor powers, but that they convey impressions to the centre, 
which are reflected to the muscles through the anterior roots. — The same 
difficulties do not attend the determination of the sensory endowments of 
nerves. If, when the trunk of a nerve is pricked or pinched, the animal 
exhibits signs of pain, it may be concluded that the nerve is capable of 
receiving and transmitting sensory impressions from its peripheral ex- 
tremity. But it not unfrequently happens that this capability is derived 
by inosculation with another nerve ; as is the case writh the Facial, which 
is sensory after it has passed through the parotid gland, having received 
there a twig from the Fifth pair. 

449. The fallacies to which all experiments upon the nerves are sub- 
ject, arising from the partial loss of their power of receiving and convey- 
ing impressions, and of exciting the muscles to action, after death, are too 
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obvious to require more particular mention here ; yet they are frequently 
overlooked. Of a similar description are those arising from severe dis- 
turbance of the system, in consequence of operations ; which also have 
not been enough regarded by experimenters. — As a general rule, negative 
results are of less value than positive ; but very careful discrimination is 
often required to determine what are negative, and what positive results. 
Each particular case has its own sources of fallacy, which require to be 
Iqgically scrutinized ; and the only satisfactory proof is derived from the 
concurrence of every kind of evidence which the nature of the inquiry 
admits-of. Thus in the determination of the functions of a particular 
nerve-trunk, it should be shown that a certain effect is constantly pro- 
duced by its excitation (under the conditions laid- down in the preceding 
paragraph), and that a corresponding interruption in the action to which 
it is hence inferred to be subservient, takes place when its continuity has 
been interrupted : by this double proof, the Glosso-pharyngeal and the 
Pneumogastric are shown to be the principal, but not the sole, excitors 
of the movements of Deglutition and Inspiration respectively. But the 
evidence afforded solely by the interruption of a particular function, after 
the division of a certain nerve, or the destruction or removal of a nervous 
centre, is by no means so satisfactory ; for this may be occasioned rather 
by the general effects of the operation, than by the simple lesion of the 
nervous ap 2 )aratus. In order to get rid, so far as possible, of this source 
of fallacy (which particularly affects experiments upon the Encephalic 
centres, and upon the influence of the nerves upon the viscera), it is 
desirable to perform comparative experiments, in which the general injury 
shall be as nearly as possible the same, and the only difference shall lie 
in the lesion of the nervous system ; and to subtract from the entire 
result all that can be thus shown to be attributable to the general dis- 
turbance produced by the operation. But even then, it may happen that 
the function is only sus^Dended for a time, by the shock which has been 
induced by the injury to the nerve ; and if it should be subsequently 
renewed without any reunion of the trunk, we have the most convincing 
proof that, whatever degree of participation the nerve may have in it, 
the action is not essentially dependent upon the integrity of that portion 
of the nervous apparatus. Such we have seen to be the case, in regard to 
the relation of the Pneumogastric nerves to the secretion of gastric fluid 
in the walls of the stomach (§§ 88, 89). 

450. All our positive knowledge of the functions of the Nervous System 
in general, save that which results from our own consciousness of what 
passes within ourselves, and that which we obtain from watching the 
manifestations of disease in Man, is derived from observation of the phe- 
nomena exhibited by animals made the subjects of experiments ; and in 
the interpretation of these, great caution must be exercised. — In the first 
place it must be constantly borne in mind, that, except through the move- 
ments consequent upon them, we have no means of ascertaining, whether 
or not particular changes in the Nervous System, whose character we are 
endeavouring to determine, are attended with Sensation ; since we have 
no power of judging whether or not this has been excited, save by the 
cries and struggles of the animal made the subject of experiment. Now 
although such cries and struggles are ordinarily considered as indications 
of pain, yet it is not right so to regard them in every instance ; and the 
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only unequivocal evidence is derived from observation of the correspond- 
ing phenomena in the Human subject ; since we can there ascertain, by 
the direct testimony of the individual affected, what impressions pro- 
duce sensation, and what excite movements independently of sensation. 
Further, we are not justified in assuming that Consciousness is excited 
by an irritation, still less that Intelligence and Will are called into exer- 
cise by it, merely because movements evidently tending to get rid of its 
source are performed in respondence to it. We know that the contrac- 
tions of the heart and alimentary tube are ordinarily excited by a stimulus, 
without any sensation being involved ; and these movements, like aU that 
are concerned in the maintenance of the Organic functions, have an 
obvious design^ when considered either in their immediate effects, or in 
their more remote consequences. The character of adaptiveness^ then, 
in Muscular movements excited by external stimuli, is no proof that they 
are performed in obedience to sensation ; much less that they have a 
voluntary character. In no case is this adaptiveness more remarkable, 
than in some of those actions, which are not only performed without any 
effort of the will, but which the wiU cannot imitate. This is the case, 
for example, with the act of Deglutition (§§ 66, 67), the muscles con- 
cerned in which cannot be thrown into contraction by a voluntary im- 
pulse, being stimulated only by impressions conveyed from the mucous 
surface of the fauces to the Medulla Oblongata, and thence reflected along 
the motor nerves. No one can swallow, without producing an impression 
of some kind upon this surface, to which the muscular movements will 
immediately respond. Now it is impossible to conceive any movements 
more perfectly adapted to a given purpose, than are those of the parts in 
question ; and yet they are independent, not only of volition but of sen- 
sation, being still performed in cases in which consciousness is completely 
suspended or entirely absent. The act of Sucking in the infant, again, 
is one in which a number of muscles are called into combined contraction, 
in a manner which shows a complete adaptation to a given purpose ; and 
yet it is impossible to suppose this adaptation to be purposive on the part 
of the infant itself; more especially as it is shown, both by the occur- 
rence of monstrosities, and by experiments made with this object, that no 
part of the Cranio-spinal axis above the Medulla Oblongata is necessary 
to it. And in the acts of Coughing and Sneezing (§ 280), we have 
additional examples of the most adaptive movements, executed by a mar- 
vellous combination of separate muscular actions, with the obvious purpose 
of removing sources of irritation from the air-passages ; and yet we know 
by personal experience, that this combination is not made with any design 
of our own. 

451. The activity of the nervous ganglia and of the nervous cords 
is alike called into action by the application of stimuli. These vary in 
their nature, and whilst some, as electrical currents, chemical agents and 
mechanical pressure, can excite all nerves to action, others, like the vibra- 
tions of light and sound, odorous emanations, and heat, appear to be only 
capable of exciting nerves whose intimate structure especially adapts 
them for responding to the impressions made by these delicate yet active 
agents. It is probable that in all instances the condition of nervous 
activity is accompanied by a change in the molecular condition of the 
particles of the nerve, which is more easily effected in sensory than in 
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tnotor nerves, the latter requiring a much more energetic operation of the 
several kinds of stimuli than the former. Whatever may be the nature of 
the stimulus acting upon a nerve, and however energetic its operation, 
neither sensation nor motion is produced when the passage from 
one grade of intensity to another is extremely gentle. Thus, if 
mechanical pressure be so applied to a motor nerve, as that, commencing 
with the slightest possible contact, it may steadily and continuously 
increase in force even till the nerve be killed at that spot, no convulsions 
occur in the muscles to which it is distributed.* Muscular contraction 
only supervenes when sudden changes, producing a kind of shock, are 
made either in increasing or diminishing pressure. In proportion to the 
energy of the shock or vibration of the particles of the nerve, is the effect 
produced on the muscles : thus we see that tetanic convulsions may be 
induced by violent extension of a nerve, and that the whole body of a deca- 
pitated frog can be rendered rigid by throwing it on the ground. In a 
similar manner, whilst the sudden application of a ligature to a sensory 
nerve produces acute pain, numbness ultimately passing into entire in- 
sensibility is the only effect if it be gradually applied. Chauveauf has 
endeavoured to explain the effects of even the electrical current on the 
supposition that it produces a mechanical commotion in the particles of 
the nerve. Chemical stimuli act but slowly on nerves, which we may 
attribute to the sheath of the fibres affording a certain amount of protec- 
tion to the contents. The sensory nerves appear to be much more 
readily acted on, and by a much greater range of chemical agents, than 
the motor nerves ; powerful stimuli for the latter are, however, found in 
solutions of Soda and Potash, even when not exceeding 2 per cent, in 
those of Nitrate of Potash and of Hydrochloric acid, containing 20 per 
cent, and in concentrated solutions of Ammonia and Alcohol (90 per cent) ; 
the latter, however, rapidly killing the nerve at the point where they have 
been applied. Bisulphide of carbon, the setherial oils, and concentrated 
mineral acids, kill the nerve at once without producing convulsions. J 
Water applied to nerve-trunks excites no muscular contractions, but if 
injected into the vessels distributed to a muscle induces very violent con- 
vulsions, which are believed by Schiff to be due to the direct effect of the 
water upon the delicate terminations of the nerves in the muscles. With- 
drawal of water from the nerves, if effected gradually, produces no effect, 
but if accomplished rapidly, produces tetanus. § As regards thermic 
irritation as a stimulus for the nerves, it has been shown by Weber that 
the sensory nerves do not perceive positive temperature, but only 
variations in the degree of heat of external objects. The influence of varia- 
tions of temperature on motor nerves has been investigated by Eckhard, 
who has shown that a temperature of about 130° F. produces convulsions 
in frogs, which, however, soon cease; the irritability of the nerves being then 
lost, though upon cooling they occasionally regain it. Sudden exposure to 
a temperature of about 25° F. also produces convulsions. || Temperatures 
intermediate to these limits do not occasion convulsions, but the nerve soon 

* Schiff, ‘‘Phyaiologie,” 1859, p. 94. 

+ ChauTeau, Browii-S6quard, “ Journ. de la Physiologic,” 1859, p. 576. 

t Schiff, “ Physiologic,” 1859, p, 101. 

§ Harless, ** Zeitschrift f. Rat. Med.,” band vii. p. 219. 

II Bckhard, Zeitschrift f. Bat. Med.,” bandx. p. 165; and Harless, ditto, bandviii. 

p. 122. 
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loses its irritability when exposed to those near either the higher 
or the lower extreme. Moreover, here also sudden variations produce 
convulsion with more certainty than when the change is slow and 
gradual. 

452. The rapidity with which sensory and motor impressions are 
transmitted through the Nerves of the living body is apparently so great, 
and the means of estimating it at our disposal so few, that it is doubtful 
whether we shall ever be able to determine it with accuracy ; but the 
ingenuity of Helmholtz has enabled him to ascertain with some precision 
the rate at which the change induced by the passage of an electrical 
current is propagated along a small portion of a nerve. The following 
Figure and desciiption deserve attention, since they exhibit the mode in 
which physical research can be applied to the most recondite questions 
of animal life. It is required to measure the time which any excitation 
takes to travel from the cut end a of the nerve N to its point of entrance 
h into the muscle m. As the means of excitation, Helmholtz employs 
an instantaneous induction current in the following mode : — At the mo- 
ment that a constant current passing through the coil p, from the bat- 
tery K, is hroken^ an instantaneous induced current passing in the same 
direction is excited in Q ; this is the stimulus acting on the nerve at a. 
The time-measuring current is formed by a second battery H, into some 
part of whose circuit a galvanometer E is introduced. It is requisite 
that the closure of this current should be precisely coincident with the 
opening of the inducing current from K, by which the induced current 
at Q, or the stimulus, is produced ; this is effected by the lever a b c, 
whose arm a rests on the metal plate o and completes the circuit 
K L A r. If now the metal point d be forcibly pressed on b, the time- 
measuring current passing through H i b d e F G will be closed ; but 


Fig. 92. 



at the same instant, from the depression of the arm B, the stimulus will 
be applied to the nerve through the opening of the inducing current 
K L A p, which is the result of the elevation of the arm a. But as 
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soon as the stimulus has reached the muscle m, after traversing the 
nerve n the muscle contracts, raising with it the hook g, which just 
dips into the cup of mercury f, and consequently breaking the time- 
measuring current proceeding from the battery h. The extent to which 
the galvanometer needle has been deflected indicates the time during 
which the current has been flowing through the circuit H i b d e f g, 
that is, the time which has intervened from the instant of the application 
of the stimulus to the nerve at a, to the moment when the contraction of 
the muscle breaks that current. A portion of this time is occupied in 
the transmission of the stimulus from the point a to the muscle, and a 
portion, termed the period of latent excitation, elapses before the muscle 
responds to the stimulus. In order to ascertain the duration of the 
former period, the experiment is repeated with this alteration, that the 
stimulus is applied at h, and again the extent to which the needle is 
deflected is read oft ; the difterence between the two observations then 
gives the time occupied by the stimulus in passing from a to h. From 
numerous experiments with this instrument, Helmholtz arrived at the 
conclusion that in the Frog, at a temperature between 52° F. and 70° F., 
the rapidity of the propagation of impressions along motor nerves was 
from 81 to 126 feet per second, and he estimates the rapidity for human 
nerve at somewhat more than 200 feet per second. In the chronoscopic 
researches of M. Adolph Hirsch,* the rapidity of propagation of sensations 
along the nerves of common sensibility is estimated to be about 34 metres, 
or 1 10 feet per second. That considerable differences exist in the rapidity 
of propagation in the Nerves themselves is evident, as Budge| remarks, 
from the effects produced on the Iris by irritating the Third and the 
Fifth nerves in Babbits, contraction following quickly in the former 
and slowly in the latter case. And Colinf has noticed that if the sym- 
pathetic ganglia are strongly irritated, reflex movements are immediately 
produced ; but when the excitation is more feeble, a longer time elapses 
before the movements occur. M. Hirsch has even attempted to deter- 
mine the relative rapidity with which impressions are transmitted through 
the nerves of sight, hearing, and touch ; and the following Table gives 
his conclusions, in which the term ‘ Physiological time ' signifies the 
period occupied in the perception of the impression, and in the origina- 
tion and execution of the muscular movement by which the time 
was registered : — 


Sense. 

Physiological 

Time. 

Mean 

Variation. 

1. Hearing 

2. Visual perception of a spark . . , 

8. Visual perception of the transit of a ) 

star ) 

4. Touch (left hand) 

0*149 

0*200 

0*077 

0*182 

+ 0*025 
+ 0*016 

+ 0*025 

+ 0*016 


Thus it will be observed that the perception and registration of an unex- 

* “Moleechott’s Untersuch*,” band ix. heft iL 1868, p. 183. 
t ‘‘Physiologie,’' p. 665, 1862. t “Comptes Kendus,” 1861, i. p. 969. 
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pected appearance (spark) occupies much more time than the perception 
of a slowly-awaited one (transit observation), and one-third more than 
even the perception of a sound ; but the mean variation in the latter case 
was considerably greater. 

453. Electrical Currents oj the Nerves, — The discovery that an electric 
current exists in Nerves^ is entirely due to M. du Bois-Eeymond. 
When a small piece of a nerve-trunk is cut-out from the recently-killed 
body, and is so placed upon the electrodes of a Galvanometer that it 
touches one of them with its surface (or natural longitudinal section), and 
the other with its cut extremity (or artificial transverse section), a con- 
siderable deflection of the index is produced, the direction of which always 
indicates the passage of a current from the interior to the exterior of the 
nerve-trunk. It is indifferent in regard to the direction of the current, 
whether the central or the peripheral cut extremity be applied to the elec- 
trode ; and in fact the most powerful effect is obtained by doubling the 
nerve in the middle, and applying both transverse sections to one electrode, 
whilst the loop is applied to the other. On the other hand, if the two 
cut extremities be applied to the two electrodes respectively, no decided 
effect is produced ; and the same neutrality exists between any two points 
of the surface of the trunk, equidistant from the middle of its length ; but 
if the points be not equidistant, then a slight deflection is produced, indi- 
cating that the parts nearer the middle are positive to those nearer the 
extremities. It has not been found possible, owing to the smaU size of the 
nerve-trunks experimented-on, to test in a similar manner the relative 
state of different points of their transverse section ; but there can be little 
doubt, from the complete conformity which exists in other respects be- 
tween nervous and muscular currents, that the same law will be found to 
prevail in the former as in the latter case ; namely, that the points nearer 
the surface are positive to those nearer the centre. There is no difference 
between the motor and the sensory nerves in regard to the direction of 
this current, the existence of which has been proved by M. du Bois-Eey- 
mond, not only by the galvanometer, but also by the excitement of con- 
tractions in the limb of the galvanoscopic frog. — The ^ nervous current,’ 
like the muscular, must be considered as derived from the electromotive 
action of the molecules of the nerve ; and it seems unquestionable, that 
every integral particle of the nervous substance must be a centre of electro- 
motor action, and must contain within itself positive and negative elements; 
and the variations both of intensity and direction in the nervous current, 
under certain circumstances, are so sudden and so extensive, that it appears 
impossible to account for them by any change of larger heterogeneous 
elements, or in any other way than by assuming corresponding changes 
of position in almost infinitely small centres of action. It is indifferent 
what form is assigned to these electromotive molecules ; but it woidd seem 
that they must have two negative polar zones, and a positive equatorial 
zone ; a combination of such elements being able to produce all the elec- 
trical effects of a nerve in a state of rest. It seems altogether best to suit 
the phenomena, to suppose that each of these peripolar molecules is 
formed by the combination of two dipolar molecules, touching each 
other by their positive poles, — as in the subjoined Table, which repre- 
sents a band of four series. A, b, c, d, each series containing four dipolar 
molecules. 
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1 

A. . . . 

B. . . . —+ + 

C . . . . •— + + 

D. . . . ^+ + 


Dr. Eadcliffe* thinks it is more easy to suppose that each nervous fibre 
is composed of two sets of electrical molecules; one set in which the 
positive electricity is external, and the negative electricity internal ; the 
other set in which the negative electricity is external, and the positive 
electricity internal : and further, that those molecules in which the nega- 
tive electricity is external are arranged in the core of the fibre, and that 
the molecules in which the positive electricity is external are clustered 
together as a coating around this core; whence it follows that the longi- 
tudinal surface of the fibre will be electrified positively, seeing that it is 
composed of molecules of which the positive electricity is external, and 
the transverse surface would be electrified negatively, 'for this surface in- 
volves the exposure of molecules of which the negative electricity is 
external.” The relative position of these sets of molecules may, however, 
under certain circumstances, be changed; and the very remarkable 
modification of the * nervous current,’ which has been shown by M. du 
Bois-Reymond to follow severe injuries of the nerve by mechanical, 
chemical, or thermal agencies, appears to be attributable to such an alter- 
ation. If, for instance, a piece of hot metal be brought near to the nerve 
without touching it, the nervous current will be seen to diminish rapidly, 
and to have its direction reversed, during which the property possessed by 
the nerve of conveying irritation to the muscle, though somewhat impaired, 
will not be destroyed ; and if, whilst in this abnormal state, the nerve be 
divided, every transverse section is found neutral or positive to the longi- 
tudinal section, instead of negative. If the nerve-trunk be then placed 
between milscles, so as to recover its natural moisture, it will at the same 
time recover its usual electromotive power. According to M. du Bois- 
Reymond, the current shown by the entire nerve, when made to form part 
of a circuit, is only a derived current produced by incomparably more in- 
tense currents circulating in the interior of the nerve around these ultimate 
particles, varying greatly in intensity according to the mode in which 
these particles are arranged; but, generally speaking, increasing both with 
the length and with the thickness of the nerve. Dr. Radcliffe, however, 
believes that all the phenomena of sensation and motion can be better ex- 
plained on the supposition that the primary electrical condition of living 
muscle and nerve is one of statical, and not one of current electricity ; for 
by this means the various signs of electrical tension which can readily be 
shown in living nerve, and which is so characteristic of statical as contra- 
distinguished from current electricity, can be rendered easily intelligible; 
and he consequently believes the “current” which may be shown to be 
present in living nerve in a state of inaction is a secondary, and not, as 
M. du Bois-Reymond considered it, Si primary phenomenon. Putting aside 
Dr. Radcliffe’s theory for the present, we have now to follow M. du Bois- 
Reymond through his investigations on the change in the condition of the 
‘ nervous current,’ whilst the nerve is in a state of functional activity, 
whether motor or sensory. For the examination of this, it is desirable 
* “ Lectures on certain Disorders of the Nervous System,” 1854, p. 21, 
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to induce a state of continllous action in the nerve, analogous to the 
tetanic contraction of muscle ; and this condition in the motor nerve is 
manifestly that which induces tetanus in its muscle, whilst in sensory 
nerves it is that in which a violent sensation is 
uninterruptedly kept-up. No means of excit- 
ing such a state are so certain and simple, as 
electric currents ; but it is necessary in the first 
place to determine the modification which these 
currents may themselves produce in the proper 
‘nervous current.’ If a portion of nerve-trunk 
be so placed (Fig. 93) that it touches one of 
the electrodes by its transverse section (which 
may be designated t), and the other by its 
surface or longitudinal section (l), and a portion 
of its continuation be included in a galvanic 
circuit, so that a current shall pass in the direc- 
tion z — p, which is the same in its direction as 
that between t — l, then the intensity of the ‘ ner- 
vous current’ t — l, as indicated by the deflec- 
tion of the needle of the galvanometer, will be 
found to undergo an increase ; whilst on the other hand, if the electric 
current be passed in the contrary direction p — z, the intensity of the 
‘nervous current’ t — L wHl decrease. — The portion z — p of the nerve, 
which is included in the electric circuit, is termed the excited portion, and 
the current passed through it is the exciting current; on the other hand, 
the portion t — l included between the electrodes of the galvanometer is 
the derived portion ; and the altered condition of this part, which is pro- 
duced by the extraneous current (this current having been experimentally 
proved by M. du Bois-Reymond to exert no influence of its own on the 
galvanometer), is termed the electrotonic state of the nerve. When the 
intensity of the ‘ nervous current’ is increased, the nerve is said to be in 
the positive phase of this electrotonic state ; and when it is diminished, 
the nerve is in the negative phase 
of that state. — By a proper arrange- 
ment, the same exciting current may 
be made to produce the positive phase 
in one part of a nerve-trunk, and the 
negative phase in another. Thus if 
the two extremities of a nerve (Fig. 

94, p and c) be so connected with 
two galvanometers that both shall de- 
velope the ‘ nervous current,’ and an 
intermediate portion be excited by the 
transmission of an electric current 
in the direction z — p, the nervous cur- 
rent in the ‘derived’ portion c will 
be increased in intensity, whilst that 
in the portion p will be diminished. 

454. Hence it may be inferred, that when any portion of the length of 
a nerve is traversed by an electric current, besides the usual electro- 
motive action of the nerve, a new electromotive action takes place in 
every point of the nerve, by a polarization of its electromotive elements, 


Fio. 94. 



Fig. 98. 
z p 
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which action has the same direction as the e!kciting current itself; and a 
current is thus produced in the ‘ derived’ portion, which is added to the 
original * nervous current’ at that end of the nerve at which the direction 
of this new current and of the nervous current coincide (c), and is sub- 
tracted at that end at which the directions are different (p). The intensity 
of the electrotonic condition is found to be materially affected by the 
distance at which the nerve is examined from the point where the 
‘ exciting current’ is applied, being always much greater near that point 
than at a considerable distance from it. It is also powerfully influenced 
by the strength of the exciting current, and by the length of the portion 
of nerve through which that current passes, increasing in intensity 
with stronger currents, and diminishing in proportion to the length of 
nerve the current has to traverse. These variations in the intensity of 
the ‘nervous current’ continue as long as the ‘exciting current’ lasts, 
and immediately cease when the circuit of that current is broken. It is 
to the induction of the electrotonic state in the nerve supplying it, that 
the contraction of a muscle is due, which ensues on the completion of the 
circuit ; and to the cessation of this state, that the muscular contraction 
is due which is consequent upon the interruption of the circuit. Hence 
the electrotonic changes in the condition of nerves may be observed 
without previously dividing them. — ^When, on the other hand, a nerve 
is ‘ tetanized ’ by passing an interrupted and alternating current through 
a portion of it, the effect is, as in the case of muscle, to produce a dimi- 
nution in its own proper current ; the needles of both galvanometers, in 
the arrangement last described, being deflected to the negative side, in- 
stead of one going back to zero and the other having its positive deflec- 
tion increased, as happens when the ‘excited portion’ is subjected to a 
continuous and uniform current. The same negative variation of the 
nervous current has been demonstrated by M. du Bois-Reymond in 
nerves tetanized by other means, as by the use of strychnia. And the 
phenomena both of the ‘ electrotonic state,’ and of the ‘ negative varia- 
tion’ are precisely the same, whether motor or sensory nerves be sub- 
jected to the experiment ; thus making it appear that nerve-force may 
be transmitted in either direction along each of these orders of nerves. — 
Dr. Radcliffe has pointed out that this disappearance of the signs of 
current electricity in motor nerves at the moment of action, when taken 
into consideration with the fact particularly indicated by Matteucci, that 
the state of action in a motor nerve is accompanied by a discharge of 
electricity analogous to that of the torpedo, leads to the supposition that 
ordinary muscular contraction and rigor mortis may both be dependent 
upon the absence of the natural electricity which is present in living 
nerve and muscle during the state of inaction. 

455. Although the conducting power of the Nerves for electrical cur- 
rents is many thousand times less than metallic threads, electricity appears 
to be the stimulus which most readily affects them, whatever may be their 
function ; exciting not only the various sensory nerves, but being also 
the most powerful agent with which we are acquainted for inducing the 
contraction of muscles when applied to the motor nerves that supply 
them. The effects of electricity upon nerves differ remarkably accord- 
ing to whether a continuous or an interrupted current is employed. A 
continuous current passed across a nerve at right angles occasions no 
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contraction ; but if it be directed up or down the nerve, contraction 
commonly occurs at the moment of closing and opening the current, 
though none during its steady and uniform passage. With an interrupted 
current, on the contrary, the nerve being kept in a constant state of 
excitation, the muscles supplied by it pass into a state of permanent or 
tetanic contraction. With a continuous current, contraction is observed 
to take place, not only at the moment of closing and opening, but also 
when any sudden change, either of increase or decrease, occurs in the 
intensity of the transmitted current. These phenomena have been ex- 
pressed by Du Bois-Reymond in the following proposition, which, whilst 
it is especially applicable to the passage of electrical currents, yet holds 
equally for all kinds of stimuli. He states that a motor nerve is not 
excited by the absolute amount of the intensity of the current, but by the 
variations of this amount from one instant to another ; and the excitation 
caused by these changes is the greater the more rapidly the changes take 
place, or the greater they are in a given time. — There are, however, 
certain exceptions to this law, which indicate that it does not include 
all the phenomena : thus, under certain circumstances, tetanic con- 
vulsions occur in the muscle, though the current traversing the nerve may 
not vary in intensity ; and again, it is well known that the sensory nerves^ 
and especially those of special sense, are not excited during the moment 
of opening and closing the current alone, but during the whole time of 
its passage. These exceptions were examined by Pfluger, who found 
that the effects produced in the case of the motor nerves at least, de- 
pended upon the strength of the current, and that if he passed a succes- 
sion of constant currents, gradually increasing in intensity, through a 
nerve, the weakest currents were only capable of inducing contraction on 
closure ; but that very soon, on slightly increasing the intensity of the 
current, tetanus occurred, which became more and more strongly marked 
as the intensity of the current increased up to a certain point ; but when 
the strength of the current exceeded this, the tetfinus again disappeared, 
and did not recur even when the strongest currents were passed, though 
after a little while it might again be produced by passing weak currents 
through the nerve. — Pfluger’s explanation of this power of inducing 
tetanus, possessed by weak currents, is equally applicable to that produced 
by chemical, thermic, or mechanical irritation. It is that “ the nerve 
becomes excited whenever any external force changes its internal mole- 
cular constitution with a certain rapidity, whilst a static condition of the 
nerves is never associated with their excitation.” Consequently, when 
tetanus occurs during the passage of a constant current through the 
nerve, the molecules of the nerve are not at rest, but in movement ; the 
movement being essentially a process of electrolysis, in which the mole- 
cules or elementary particles of the nerve originally arranged as H ^ , 

— + + — , become changed to — + — + , — + — + ,in consequence of 
one of each pair of molecules turning half round upon itself ; without this 
change the passage of the current is not conceivable, and on its occurrence 
the tetanizing influence depends. But we may naturally ask, if this be 
true, why do cmrrents of weak intensity alone produce Tetanus ? and in 
order to reply to this question, it is necessary to anticipate, to some 
extent, the observations made by Eckhard and Pfliiger, on the condition 
of the nerve during the passage of a constant current. PdUger has 
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ascertained, by means to be subsequently described, that when a constant 
current is transmitted through a portion of nerve, whatever may be the 
strength of the current, and whether transmitted centripetally or centri- 
fugally, the portion of nerve traversed by the current divides, as it were, 
into two zones : in one of these, situated at and near the Positive pole, 
the excitability of the nerve is diminished ; whilst in the other, situated 
at and near the Negative pole, the excitability is increased. The extent 
of the portion of nerve in which the excitability is lowered, or the Posi- 
tive zone, is small in proportion to the weakness of the current ; whilst the 
Negative zone, in which the excitability is exalted, is large in proportion 
to the weakness of the current ; so that with very weak currents nearly 
the whole length of the nerve is in a state of exalted excitability, whilst 
with strong currents the intrapolar portion of the nerve is almost 
wholly lowered in excitability. Hence the tetanus which supervenes 
when weak currents pass through the nerves, is due to the electrolytic 
action induced by the current acting as a stimulus to the nerve in a state 
of exalted excitability; whilst strong currents produce no tetanus, although 
the electrolytic actions are more energetic, because they act upon the 
nerve when its excitability is lowered. From these considerations Pfluger 
suggests the following modification of the law of Du Bois-Keymond, viz., 
that ‘‘ although the excitation of a nerve primarily depends on variations 
in the intensity of the current traversing it, yet the nerve constantly 
reacts upon the current to a certain amount ; and this reaction begins to 
occur with weak currents, increases with increasing strength of the 
current, attains its maximum, and finally with very strong currents 
vanishes.” 

456. During life, and in the healthy state, the excitability of a motor 
nerve gradually diminishes from its origin to its distribution in the muscle, 
so that a stimulus of determinate intensity produces a more energetic con- 
traction of a muscle in proportion to the distance from the muscle that it 
is applied to the nerve, or as it is expressed by Pfluger, in proportion to 
the length of the myopolar portion of nerve. Thus Budge found that to 
produce the same effect, i.e. the same amount of contraction, it was neces- 
sary to apply a stimulus of more than double the strength close to a muscle, 
than was requisite if the stimulus were applied to the portion of nerve near 
its origin. The question arises whether the nerve is itself more excitable at 
the parts nearer the centre, or whether the stimulus does not gain force in 
its descent, and produce, like an avalanche, an effect greater in propor- 
tion to the distance it has traversed. Pfluger expresses himself decisively 
in favour of the latter supposition. Yet it seems opposed to our ordinary 
notions of the resistance offered to the passage of currents by conductors, 
and the phenomenon appears to be more readily explicable on the supposi- 
tion that the structure of the nerve, and especially of its sheath, may be 
more delicate in those parts which are more protected, and that it conse- 
quently there more readily responds to impressions. 

457. After death the excitability of the nerves dies out centrifugally, 
the part in proximity to the muscles remaining longest excitable ; but 
Rosenthal has shown that immediately after death the excitability of the 
nerve is for a short period considerably exalted, and that this exaltation is 
shorter in duration in proportion to the distance of the portion of nerve 
examined from the muscle. 
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458. We now come to the consideration of the laws which regulate the 
contraction of muscles when a stimulus is applied to their nerves. It 
has long been well known that though contraction of a muscle usually 
occurs at the moments of opening and closing a current of electricity 
passed through the nerve supplying it, yet that this is not constant, 
the contraction failing sometimes at the moment of closing, and some- 
times at the moment of opening the current. The singularity of this 
phenomenon has attracted the attention of many observers; and the 
names of Ritter and Nobili, Matteucci, Du Bois-Reymond, Eckhard, and 
Pfluger deserve especial mention for the light which they have thrown 
upon this obscure and difficult department of physiology. From their 
observations and from those of many other experimenters, it is now 
ascertained that the effects produced upon the muscle are dependent — 
1st, upon the direction of the electrical current passed through the 
nerve, whether centrifugal, i,e, from the origin to the periphery of the 
nerve (Fig. 95), or centripetal, i.e, from the peri- 
phery towards the origin (Fig. 96) ; 2ndly, upon the 
state of excitability of the nerve ; and 3rdly, upon 
the strength of the current. Ritter and Nobili, in 
whose observations the strength of the current was 
disregarded, endeavoured to show that a definite 
succession of results followed the application of the 
electrical stimulus, according to the direction and the 
excitability of the nerve. Ritter, operating on Frogs, 
the excitability of whose nerves departed more slowly 
after death or excision, was able to distinguish 
six stages ; whilst Nobili, operating in the warmer 
climate of Italy, could distinguish only four. The 
following tabular arrangement taken from Fiinke will show the relations 
of the contraction of the muscle to the degree of excitability remaining 
in the nerve, and to the direction of the current : — 


Fig. 95. Fig. 96. 



Ritter and Nobili’s Law op Contraction. 

C indicates closure of the current; Oindicates opening of the current^ or hreakin^ contact. 


Grade of Excitability 
of the Nerve. 

Ascending or Centripetal Current. 

Desoending or Centrifugal 
Current. 

I. (Ritter) . . 


C, Contraction 

0, Rest 

C, Rest. 

0, Contraction. 

II. (Ritter) . . 


C, Contraction 

0, Slight Contraction . . . 

C, Slight Contraction. 

0, Contraction. 

( III. (Ritter) . . 

1 I. (NobiH). . 

0, Contraction 

0, Contraction 

C, Contraction. 

0, Contraction. 

£ IV. (Ritter) . , 

{ II. (Nobili). . 

1 p ( Weak Contraction (Ritter) ) 

1 Rest (Nobili) . . . .J 

0, Contraction 

C, Contraction. 

0, Slight Contraction. 

( V. (Ritter) . . 

Jill. (Nobili). . 

C, Rest 

0, Contraction 

C, Contraction. 

0, Rest. 

/ VI. (Ritter) . . 

1 iv. (NobUi) . . ; 

0, Rest ....... 

0, Rest 

C, Slight Contraotion. 

0, Rest. 
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From this Table it is apparent that in the highest grade of excitability 
of the nerve, the centripetal current induces contraction only on closure 
of the current, none occurring on opening it. Contraction on opening 
the current first happens in the second stage, i.e. when the excitability 
of the nerve is somewhat diminished, and then only weakly. In the 
8rd stage of excitability of Ritter, the 1st of Nobili, the vigour of the 
opening and closing contraction is about equal. In the 4th grade, the 
closing contraction is weak, the opening strong. In the 5th stage, there 
is no contraction on closure, but it occurs on opening the current ; whilst 
in the 6th and last stage no contraction foUows either the closure or the 
opening of the current. For the descending or centrifugal current, the 
phenomena present themselves in an inverse order, — in the 1st or highest 
stage of excitability, there is contraction only on opening the current — 
then weak contraction on closure, as well as contraction on opening — 
then contraction of equal strength at both periods — then contraction 
at both periods, though weaker on opening the current — then con- 
traction only on closure ; and finally, in which respect it differs slightly 
from the effects of the centripetal current, weak contraction on closure of 
the current. From the preceding Table, the statement of Nobili, who only 
experimented during the last four stages of irritability, becomes intelligible, 
that there is essentially only one strong contraction for each direction of 
the current ; an opening contraction being the most marked with the 
centripetal current, and a closing contraction with the centrifugal current. 

459. Heidenhain* and Pfiuger,*|' in following up this train of research, 
now showed that in freshly-prepared nerves, whose excitability was there- 
fore of the highest grade ^ the law of contraction was dependent upon the 
stren^h of the current ; and the phenomena have been thus formularized 
by Pfluger : — 


Strength of Current. 

Direction of Current. 

Centripetal. 

Centrifugal. 

Weak .... 1 

C, Contraction . . 

0, Rest 

C, Contraction. 

0, Rest. 

Moderate . . | 

C, Contraction . . 

0, Contraction . . 

C, Contraction. 

0, Contraction. 

Strong • • • 1 

C, Rest 

0, Contraction . . 

C, Contraction. 

0, Weak Contraction. 


Thus beginning with currents so feeble that no contraction was induced 
either on making or on breaking contact in very excitable nerves, Pfi tiger 
found that on passing a slightly stronger, but still weak current, in a 
centripetal direction, contraction first occurred on closure, but none on 
opening. With currents of moderate strength, contraction occurs both on 
closing and opening the current ; and lastly, if the current exceed a cer- 
tain strength, no contraction occurs on closing, though it is well marked 

• Heidenhain, in “Archivf. Phys. Heilk.,” 1867, p. 442. 

f Pfliiger, “Archiv f. Path. Anat.,” band xiii. ; and Untersnehungen iiber d. 
Phydologie des Electrotonns,” Berlin, 1869. 
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on opening the current.* If the same experiments are repeated with the 
centrifugal current, we obtain with the weakest current contraction on 
closure alone (exceptionally also on opening) ; with moderately strong 
currents, contraction both on opening and closure ; and with strong cur- 
rents, the closing contraction preponderates with centrifugal currents, and 
the opening contraction with centripetal. It has been already stated that 
when an electrical current is passed continuously through a portion of nerve, 
the condition termed by Du Bois-Reymond ‘ electrotonus’ is established, and 
that the portion of nerve at and near to the positive pole has its excitability 
diminished^ whilst that portion at and near to the negative pole has its 
excitability exalted. To the former condition the term ‘ anelectrotonus,’ 
and to the latter the term ‘ cathelectrotonus,’ has been applied by PriUger. 
If either of these two conditions pass beyond a certain limit of intensity, 
the nerve ceases to be able to conduct an impression. Now the explana- 
tion which Pfl tiger has given of the law of muscular contraction is based 
on the following facts, the truth of which he has taken great pains to 
substantiate. He lays it down as a fundamental proposition that “ a given 
portion of nerve becomes excited by the establishment of Cathelectrotonus, 
and by the disappearance of Anelectrotonus ; whilst the disappearance of 
Cathelectrotonus, and tlie supervention of Anelectrotonus, are of none 
effect.” In other words, when a constant current is transmitted through 
a nerve, the excitation produced by the change in the intensity of that 
current does not occur either on closing or on opening the current in all 
parts of the nerve affected by Electrotonus indifferently, nor even in all 
points of the intrapolar portion ; but on closing the current the excitation 
inducing contraction of the muscles originates exclusively in the neigh- 
bourhood of the negative electrode, where the condition of Cathelectrotonus 
is established ; and on opening the current in the neighbourhood of the 
positive electrode, where the condition of Anelectrotonus disappears. 
The immediate cause of the excitation is in the first instance the modifi- 
cation in the molecular arrangement at the Cathode, which is expressed by 
the increased excitability of the nerve around that point. In the second 
instance, the cause of the excitation is in the passage of the nerve at the 
Anode from the state of Anelectrotonus into the condition which it assumes 
after the opening of the current. The tetanizing influence of weak, constant 
currents during their closure, is believed by PflUger to proceed, like the 
contraction on closure of the current, from the cathelectrotonized portion. 

460. With the aid of the foregoing theory, the law of muscular con- 

* In the recent essay of Valentin (^^Die Zuckungsgesetze des Lebenden Nerren und 

Muskels,” Leipzig, 1863), it is maintained that the chief, and perhaps the only law of 
muscular contraction produced by electrical excitation of the active and uninjured living 
nerve, is that contraction of the muscle occurs with currents of moderate strength only 
on closing, and not on opening, the circuit, no matter in which direction the current 
flows ; and when other effects occur, they are entirely due to injuries inflicted on the 
nerve in the process of preparation. Stronger currents modify this fundamental law ; 
they induce not only opening but closing contractions, the former being less strong and 
energetic than the latter. Very strong currents (as with eight or more Grove’s cells) 
passed through uninjured nerves, cause contraction with a descending current only on 
closure, and slight contraction with an aiscending current on opening. Budge {** Virchow’s 
Archiv,” 1863, p. 282), however, declares that, with vory strong currents (as from 12 
to 26 Grove's cells), contraction occurs both on opening and closing the current, which- 
ever way it may be directed through the nerve. It is plain, from these diBorepan<^ ^at 
all the ^tnrbing causes have not been ascertained or attended to, and that farther inves- 
tigation is needed before Pfliiger’s law can be held to be a correct expression of the facts. 
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tradicwi, with many of itj#^fcrenf exceptions, can be explained in a 
v^ry perfect and remarkabl$i manner. Thus it will be seen, on a reference 
to tibe Tabfe just given, with weak inverse, or centripetal currents, 
contraction on closing the current occurs, but none appears when strong 
currents are employed ; and the reason of this is evident, since the con- 
traction on closure is due to the establishment of Cathelectrotonus, which 
here takes place above the anelectrotonized portion. When the current 
is feeble, the anelectrotonized portion (whose excitability is lowered) 
propagates the excitation descending from above, without any diminution; 
but if strong currents are employed, the portion of nerve in Anelectro- 
tonus is of wider extent ; and its excitability is so far diminished that it 
loses the power of conduction, and is consequently unable to transmit 
the excitation which originates as before at the Cathode on the closing 
of the current. Again, the contraction on openirig the centripetal current 
first occurs when the force of the current is somewhat stronger than in 
the former case, but subsequently increases with the strength of the 
current. The stimulus or excitation here is the disappearance of Anelec- 
trotonus, which with centripetal currents affects the portion of the nerve 
lying nearest to the muscle. That contraction occurs only on the use of 
somewhat stronger currents than in the former instance, results from the 
circumstance that it proceeds from a lower part of the nerve, whose excita- 
bility is much less than the more central part on which the excitation on 
closing the current operates (§456) ; and it appears also from hence that 
the disappearance of Anelectrotonus is, per se, a weaker stimulus than the 
establishment of Cathelectrotonus, — The increase of the opening contrac- 
tion with increased strength of current, is simply due to the increase of 
Anelectrotonus at the lower pole, and the circumstance to be hereafter 
proved, that after the opening of the current the portion of Nerve pre- 
viously affected by Anelectrotonus passes immediately into a state of 
increased irritability. Again, with descending or centrifugal currents, 
when these are weak, contraction usually first occurs on closure, though 
occasionally also on opening ; whilst with currents of increased intensity 
the closing contraction constantly preponderates in energy : the opening 
contraction ultimately entirely disappearing. The occurrence of the 
closing contraction is clearly intelligible, since the stimulus on closure is 
the establishment of Cathelectrotonus, which here takes place in close 
proximity to the muscle. That it first occurs with currents of somewhat 
greater force than the closing contraction of the centripetal current, is due 
to the circumstance that the latter originates in the higher, more central, 
and therefore more excitable portion of the nerve (§ 456). As regards 
the opening contraction of the centrifugal current, the reason that it 
sometimes occurs earlier, sometimes later, than the closing contraction, 
is, that in one particular it is at a disadvantage, for the vanishing of 
Anelectrotonus is a feebler stimulus than the establishment of Cathelectro- 
tonus; but, contra^ it is advantageously circumstanced, inasmuch as 
it affects a higher and therefore more excitable portion of the nerve ; the 
contraction consequently occms either on opening or on closing the cur- 
rent, as circumstances fevour one or the other of these two conditions. — 
That the opening contraction with stronger currents diminishes and ulti- 
mately vanishes, results from the strong stimulus produced at the positive 
pole by the disappearance of strong Anelectrotonus ; having, in order to 
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reach the muscle, to pass through the Jwrtion of nerve, and 
that portion of nerve which, whilst cun^t passed, was in a state of 
Cathelectrotonus. But these portions of nerv# immediate^ after the 
opening of the current into a condition of diminished excitability, in which 
they become defective conductors of excitation, as will be hereafter shown. 
Thus Piluger’s theory appears in all respects to harmonize with the facts 
furnished by experiment, and gives a satisfactory explanation of their 
cause ; whilst it is of great interest to know that the researches of Bernard, 
Fick, and others have shown in the most refined methods of inquiry, that 
the uninjured nerve of the living animal, when tested with weak currents, 
follows Pfluger’s law of muscular contraction, giving, in whichever direc- 
tion they are passed, contraction exclusively on closing the current. 

461. We have hitherto been engaged in the consideration of the reactions 
of motor nerves to electrical stimulation, and but little progress has been 
made in ascertaining those of the sensory nerves, since we have no certain 
means of determining, in experimenting on animals at least, whether 
any impression is conveyed by a sensory nerve or not. That they do 
react is evident from the production of sensations of pain, light, and 
sound when currents are passed through the nerves usually conveying 
those impressions. Pfaff observed that the closure of a centripetal cur- 
rent through the Optic Nerve excited a more intense sensation of light 
than a centrifugal current, which is in accordance with the law of mus- 
cular contraction. No explanation, however, has been offered of the 
singular circumstance tliat during the passage of a centripetal current the 
colour is blue, whilst with centrifugal it is red. Pfluger maintains that 
here, as in the case of motor nerves, the effects produced are dependent 
upon the force of the current, except that, as might be expected from the 
direction in which they ordinarily conduct their impressions, there is a 
kind of inverse relation between them ; and he gives the following experi- 
ment as a proof of his statement : — In a Frog poisoned with strychnia he 
removes the whole of the thigh with the exception of the Sciatic Nerve, 
to which a strong galvanic current is applied. If this be directed down- 
wards, on closure contraction occurs in the muscle supplied by the nerve 
in the lower leg, but the animal remains quiet. On opening the current, 
however, the muscles are at rest, but the Frog becomes violently con- 
vulsed, indicating acute pain from the excitation of the sensory nerves. 
Inversely, with an upward current, the reflex convulsive movements of 
the body from pain only occur on closure, whilst the contractions of the 
lower limb only occur on opening the current. It is obvious that with a 
strong downward current no indication of pain occurs, because the 
stimulus originating at the Cathode, on making contact, cannot traverse the 
anelectrotonized portion, though violent pain is experienced on opening 
the current, because the stimulus arising from the disappearance of 
Anelectrotonus can be easily transmitted to the sensory gangHa, and, vice 
versd, with the upward current. 

462. We now pass to the consideration of the changes which are 
produced in the irritability of the Nerves during the passing of constant 
centripetal or centrifugal currents of varying streng^. It has already 
been stated that the condition of the nerve at the Anode is one of 
depressed excitability, termed by Pfluger Anelectrotonus, and at the 
Cathode of exalted excitability, termed Cathelectrotonus. These con- 
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ditions extend to a certain distance above and below the Negative and 
Positive pole respectively, or as it may perhaps be better expressed, 
before and behind the poles. The Electrotonus which is established in the 
extrapolar portion of nerve at the Anode, or the Cathode, as the case 
may be, is designated Centripetal if it propagates itself from either pole 
towards the central end of the nerve ; whilst it is termed Centrifugal when 
it propagates itself towards the muscle. Moreover, the Anelectrotonus 
and the Cathelectronus both involve a certain extent of the intrapolar 
portion of the nerve, so that the two zones of increased and decreased 
irritability abut upon one another in the intrapolar portion. The 
diminution and increase of irritability vary much in degree, and 
in the extent of the intra- and extrapolar portions of the nerve 
respectively that they involve, according — 1, to the force of the con- 
stant current transmitted through the nerve ; 2, to the length of the 
portion of nerve it traverses, that is, to the length of the intrapolar por- 
tion of the nerve ; 3, to the distance of the portion of the nerve from 
the electrodes, the irritability of which is under examination ; and lastly, 
4, to the duration of the passage of the current. The following diagram 
will render the effects of variations in the force of the current, and the dis- 
tance of the portion of nerve examined from the electrodes, intelligible : — 



If a current be passed from A to b, either up or down the nerve, and the 
excitability of all parts of the nerve be examined — 1, when the current is 
weak ; 2, when it is of moderate strength, and 3, when it is strong — varia- 
tions in the degree of excitability will be found to be present, which may 
be represented by the three curves, a b d e g h i, corresponding to the 
weak, moderate, and strong currents respectively. If we examine the 
curve ah c, indicating the modification of excitability existing with weak 
currents, it is apparent that there is a state of depressed excitability in 
the portion a J, shown by this portion of the curve being below the line of 
the nerve, and a state of increased excitability in the portion h c, which is 
shown by the curve being situated above the line. The point b, at which 
the curved line a b c cuts the line, is the point of indifference which sepa- 
rates the zones of Cathelectrotonus and of Anelectrotonus from one another. 
The form of the curve shows that from this point of indifference towards 
the Cathode, the positive phase, and towards the Anode, the negative 
phase of electrotonus, gradually rises in intensity, attains its maximum in 
the immediate neighbourhood of the two poles, then diminishes, and 
soon sinks to zero. Thus in the extrapolar portion the condition of 
exalted excitability diminishes on the one side, and the condition of de- 
pressed excitability diminishes on the other, in proportion to the distance 
from the Cathode and from the Anode respectively. Moreover, the 
curve gives an indication of the very unequal extent to which the intra- 
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polar portion is affected by the conditions of Catbelectrotonus and 
Anelectrotonus when weak currents are passed, the point of indifference 
h lying much nearer to the Anode than to the Cathode ; so that nearly 
the whole of the intrapolar portion of the nerve, with the exception of a 
small piece near the Anode, is in a state of exalted sensibility, which has 
been already referred-to, when the tetanizing influence of weak currents 
was discussed. Again, in reference to the curve d ef^ it will be seen that 
whilst preserving the general form of the curve ah Cy it involves a larger 
portion of the nerve ; and that the increase and decrease of excitability 
are greater in degree as marked by the height and depth of the curve 
above and below the line, whilst the point of indifference occupies a 
different position. Thus it appears that somewhat stronger currents 
affect, as we should anticipate, a larger extent of the nerve beyond the 
electrodes, and at the same time augment the irritability at the Cathode, 
and depress it at the Anode to a greater amount ; whilst the position of 
the point of indifference shows that the intrapolar portion of nerve is, 
with moderately-strong currents, equally divided between the zones of 
Anelectrotonus and Cathelectrotonus. Lastly, the curve g h /, indicating 
the effects of the transmission of powerful currents, shows that the in- 
crease of excitability at the Cathode, and its decrease at the Anode, are 
still more strongly developed, and that the extent of the extrapolar 
portion of nerve affected is still greater, whilst the point of indifference is 
still further transposed towards the Cathode ; so that, in this respect, the 
opposite effect is obtained to that which is produced by the passage of 
weak constant currents ; and ultimately it has been found by Pfliiger, 
that with very powerful currents indeed, the whole of the intrapolar 
portion of nerve is in a state of depressed irritability. 

463. Simple and intelligible as these conditions appear, after the inge- 
nious explanations of Pfliiger have been fully comprehended, many pheno- 
mena present themselves, requiring much thought and patient investi- 
gation before they can be shown to be in accordance with and merely 
resultants of them : only one or two of them can here be considered, 
amongst which are — 1 . The change in the excitability of the nerve before 
and behind the ascending or centripetal current, or the condition of 
extrapolar centripetal Cathelectrotonus and extrapolar centrifugal An- 
electrotonus. The evidence of the existence of extrapolar centripetal 
Cathelectrotonus, or of increased excitability of the nerve before (centrad) 
of the centripetal current — that is, between the Cathode and the centric 
extremity of the nerve — is only possible when very weak currents are 
employed. Its relations are shown in the following diagram ; — 

Fiq. 98. 
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c c are the poj^ of a weak constant current capable of being infinitely 
varied in intensity at will, and directed centripetally, ^.e. from the muscle 
towards the origin of the nerve. In order to test the change in the exci- 
tability of any antecedent portion of the nerve, as c?, before and after the 
closure of the constant current, any stimulus of known and definite 
strength, chemical, mechanical, or electrical, may be applied at d before 
and after such closure, and the degree of contraction of the muscle, mea- 
sured by a myographion, will indicate the increased or diminished excita- 
bility of the nerve at that point. Practically, the instantaneous shock of 
an induction apparatus is found to be the most convenient, since it also 
admits of infinite variation in intensity. It is termed the stimulating or 
exciting current, and its poles are therefore applied on either side of c?, at 
R R. The exciting current, r r, is directed in the opposite direction to 
the polarizing one, c c, because its action as a stimulus is thereby virtu- 
ally weakened ; consequently, if it produce a greater effect after than be- 
fore the closure of the constant current, it proves that the excitability of 
the extrapolar central portion must be greatly increased. — The weakest 
currents employed by Pfliiger were not stronger than the normal current 
in a portion of the nerve itself ; so that instead of the constant current, a 
portion of the Sciatic nerve of another frog might be applied to the trans- 
verse section, representing the — pole of c, and a point of the longitudinal 
section representing + c. In order, then, to ascertain the condition of 
excitability at c?, after closure of the constant current, it is necessary, first, 
to determine, before its closure, the minimum strength of the exciting 
current, R R, which will give a just perceptible trace of contraction on 
closure, a tracing of which is taken on the myographion ; the constant cur- 
rent is then closed, the same stimulus applied at r r, and a second tracing 
taken, when it will be found that, without exception, the amount of con- 
traction exhibited by the second tracing is greater than that of the first, 
showing that the same stimulus produced a greater effect ; or, in other 
words, that the nerve was more excitable. The same effect may be shown 
by chemical means (Eckhard), as by the application of a drop of a solution 
of common salt, before and after the closure of the constant current : in 
the former instance (before closure) a considerable interval elapses before 
the tetanizing influence of the solution supervenes ; in the latter (after 
closure) it occurs directly. That the tetanizing influence is not dependent 
upon the constant current alone, is shown by applying it before permitting 
the contact of the saline solution with the nerve, or by inverting the direc- 
tion of the current after contact with the solution, when the tetanus will 
disappear : though, if it were dependent upon the current alone, it ought 
to rise in intensity in the latter case, since, as we have already seen, the 
centrifugal direction is with weak currents the most favourable for the 
tetanizing influence. — If, instead of employing very weak constant currents, 
those of moderate strength be applied, a gradual increase in the excita- 
bility of the extrapolar portion of the nerve becomes apparent, until a 
maximum is attained ; that is, until a stimulus applied at d, which before 
closure produced a minimum, after closure produces a maximum con- 
traction of the muscle. But, if we stiU continue to increase the strength 
of the constant current at c c, a point is ultimately attained at which the 
portion of nerve affected with extrapolar centripetal electrotonus is no 
longer increased, but is actually diminished ; so that the same stimulus 
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applied after closure produces less contraction than wh^ applied before, 
or may even become absolutely inoperative. — ^We see, then, that the force 
of the current is of great importance in influencing the condition of exci- 
tability in the extrapolar portion of the nerve, but it is not the only cir- 
cumstance affecting it : it depends also, in part, upon the distance of the 
part of the nerve whose excitability is examined, from the electrodes 
of the constant current, as is shown in Fig. 97 ; whence it is apparent that 
the increase in the excitability is greater in proportion to the proximity 
of the part examined to the electrode, whilst at a certain distance from 
it it sinks to zero, the distance of the zero point again being in proportion 
to the intensity of the Cathelectrotonus, or to the strength of the current. 

464. There is one other circumstance affecting the excitability of 
the nerve, namely, the length of the intrapolar portion ; and Pfliiger’s 
experiments have shown that, though there are apparent exceptions with 
strong currents, the causes of which he has fairly explained, the rule holds 
good, that for currents of all grades of intensity, with increasing length of 
the intrapolar portion of nerve, the excitability of the portion of nerve 
situated before (centrad) the centripetal current increases. . As regards 
time, the state of increased excitability always attains its full intensity 
with great rapidity. Centrifugal extrapolar Anelectrotonus is the term 
employed by Pfluger to indicate the condition of the excitability behind 
the ascending or centripetal current, and therefore of the portion of nerve 
lying between the anode and the muscle. The following diagram will 
assist in rendering it intelligible : — 


Fig. 99, 



c c are the electrodes of the constant centripetal current, r r those 
of the exciting current ; and the current in the latter is passed in the^ 
same direction as the polarizing, which tends rather to produce an 
increased condition of excitability in that portion of the nerve, and 
d fortiori^ renders any observed diminution the more remarkable. 
The results of Pfluger’s experiments on this myopolar portion of the 
nerve may be thus summarily stated: — The excitability of the por- 
tion of nerve lying behind the centripetal current shows itself under all 
circumstances, and with currents of all degrees of intensity, to be diifli- 
nished. This diminution constantly increases with increased strength of, 
the current, and extends farther and farther from the anode towards the 
muscle, decreasing, however, as the muscle is approximated, till it ftdls to 
zero ; so that, as the figure shows, whilst h c in^ cates the line of normal 
excitability, supposed for the sake of simplicity to be equal throughout 
the whole length of the nerve, /e c indicates the curve of diminished ex- 
citability in the myopolar portion of nerve, the amount of diminution 
being greatest in the immediate neighbourhood of the anode, as at/, being 
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less marked e, and the excitability rising to its ordinary amount at c, 
— ^Moreover, tibis Anelectrotonus always increases with all strengths of the 
current, with the length of the intrapolar portion. As regards time, it 
appears to attain its maximum of development very slowly after closure 
of the constant current, extends very gradually over the portion of nerve 
affected by it, and gradually again decreases. — Extrapolar Centrifugal 
Cathelectrotonus (shown in Fig. 100) requires, after the full consideration 


Fig. 100. 



that has been bestowed upon the two former conditions, but few words of 
explanation. It is the state of increased excitability which occurs before 
a descending or centrifugal constant current. It increases in intensity with 
the increase of the strength of the polarizing current, and with the length 
of the intrapolar portion of nerve, diminishes as we recede from the 
cathode towards the muscle, and at a certain distance, which is the more 
remote the stronger the current, becomes reduced to zero ; it appears also 
to be developed immediately after the closure of the current. — Lastly, as 
regards the condition of excitability in Centripetal Extrapolar Anelectro- 
tonus, it is diminished (as shown in the following diagram) in a manner 


Fig. 101. 



so completely concordant with the previous laws, that no special descrip- 
tibn appears to be required. The influence of centripetal or inverse cur- 
rents in preserving the irritability of motor nerves, and of direct or centri- 
fugal currents in destroying their irritability, is very remarkable. By the 
passage of an inverse current, it is even possible to restore the irritability 
of a nerve which has been completely paralysed or rendered incapable of 
conducting stimuli by the passage of a direct current. 

465. The explanation of the phenomena of the electrotonic state, and 
of the condition of increased and diminished excitability of the nerve in 
the neighbourhood of the negative and positive poles respectively, given 
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by Dr. Eadcliffe,* is so ingenious, that it cannot here be passed-over in 
silence. He observes that under ordinary circumstances the exterior of the 
nerve is electrified positively, but that when the poles of a galvanic battery 
are applied to it, the surface of the nerve at and near the positive pole is 
charged with positive electricity, and that near the negative pole with 
negative electricity : the natural electricity of the former is consequently 
increased, since it is natural to suppose that the addition of positive elec- 
tricity to the coating of the nerve will induce a corresponding increase in 
the negative electricity of the core of the nerve. At the negative pole 
the opposite conditions obtain. ‘‘This state of diminution and augmen- 
tation is what is spoken of by M. du Bois-Keymond as the electrotonic 
state.” But, according to RadclifFe, with the presence, and, a fortiori^ 
with the increase of electricity, the state of inaction of nerve and muscle 
concurs ; whilst with the absence or decrease of natural electrical tension, 
action takes place. The reason, therefore, that when a centrifugal current 
is passed through a motor nerve, the portion adjoining the muscle is tem- 
porarily increased in irritability, as shown in § 4 GO, is simply that its elec- 
trical tension is diminished. If, however, such a current is passed for any 
length of time (as 20 minutes) the irritability of the nerve, together with 
all traces of electrical tension, die out. If, on the contrary, a centripetal 
current be transmitted through a nerve, the irritability of the myopolar 
portion is diminished or suspended, no contraction occurring when the 
nerve is pricked or pinched. Such a current may be passed for hours, 
and yet at the expiration of that time the irritability of the nerve after 
the opening of the current may again be resumed, for its natural electrical 
relations have been kept up and even rendered more marked throughout 
the whole period of* the passage of such a current. 

[In drawing up the foregoing sections on the Electromotor properties of 
the Nerves, the Editor begs to acknowledge his great obligation to the ex- 
cellent chapter on this subject in Funke’s “Physiology,” 4th edit. 1863, 
in which a very complete digest of the immense mass of literature which 
has accumulated during the last ten years, upon the electrical relations of 
the nervous system, will be found. A very interesting account of 
Piluger’s experiments and theory is contained in the “ Med.-Chir. Rev.” 
vol. ii. 1862, p. 1. For a good resume of Eckhard’s experiments and 
mode of testing the irritability of nerves during and after the passage of 
centripetal and centrifugal currents (which will be found to agree in all 
essential particulars with that here given), together with the application 
of these phenomena to the pathology of Epilepsy and other convulsive dis- 
eases, the reader is referred to the remarkable “Lectures” recently pub- 
lished by Dr. RadclifFe (1864).] 

2. Of the Spinal Cord and Medulla Oblongata ; — their Structure ' 
and Actions. 

466. In our more detailed consideration of the functions of the several 
divisions of the Nervous System, it is desirable, for several reasons, to 
commence with the Cranio-Spinal Axis ; which, as already poi|ited-out, 
may be considered as constituting the fundamental portioil of this 
apparatus. The entire Axis is divided into its Cranial and its Spinal 

* “ Lectures on Certain Disorders of the Nervous System,” &c., 1864, p. 60, 
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portions, the passage of the Cord through the * foramen magnum’ of the 
occipital bone being considered to mark the boundary between them ; and 
although the separation of the Medulla Spinalis from the Medulla Oblon- 
gata, which is thus established, is in itself purely artificial, yet it will be 
found to correspond completely with the natural division founded on 
their respective physiological attributes. 

467. The Spinal Cord^* which extends from the margin of the foramen 
magnum to the first or second lumbar vertebra, and which is prolonged as 
the Jilum terminale\ to the extremity of the sacral canal, is almost com- 
pletely divided by the anterior posterior median fissures (Fig. 102, a, p), 

Fio. 102. 



Transverse section of Spinal Cord, through the middle of the Inmbar enlargement, showing 
on the right side the course of the nerve-roots, and on the left the position of the principal 
tracts of vesicular matter — a, a, anterior columns; p, p, posterior columns; l, l, lateral 
columns ; a, anterior median Assure ; p, posterior median Assure ; b, h, h, b, anterior roots of 
spinal nerves ; c, c, posterior roots , a, d, tracts of vesicular matter in anterior column ; c, 
tracts of vesicular matter m posterior column , f, spinal column ; g, substantia gelatmosa. 

into two lateral and symmetrical halves. The ‘ anterior median fissure’ 
(a) is more distinct than the posterior, being wider at the surface ; but 
it only penetrates to about one-third of the thickness of the Cord, its 
depth increasing, however, towards its lower part. The sides of the 
‘ posterior median fissure’ (p), on the other hand, are in closer approxi- 
mation ; but the division commonly extends to about half the thickness 

* The sketch given in the text of the Anatomy of the Spinal Cord, is chiefly deriv^ 
from the statements of Prof. Kolliker, in his “Mikroskopische Anatomic” (band ii. 
§§ 115, 116), and of Mr. J. L. Clarke in the “Philosophical Transactions,” 1851, 1853, 
and 1859. 

+ The structure of the ‘filum terminale’ is in every respect essentially the same as 
that of the proper Spinal Cord, save that no nerve-roots are connected with it. 
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of the cord, being deeper towards its upper than towards its lower end. 
The two halves, therefore, are only united by a commissural band, which 
occupies the central part of the cord; and this is traversed by the 
‘ Spinal canal’ (/), which is continued downwards from the fourth 
ventricle, is about 1-1 00th of an inch in diameter, and according to 
Mr. Lockhart Clarke, is lined with a layer of columnar ciliated cells, 
whose attached extremities taper into delicate fibres, becoming continuous 
with the fibres of the connective tissue of the white columns. — ^At a little 
distance from either side of the posterior median fissure, and corresponding 
with the line of attachment of the posterior roots of the nerves, is the 
posterior lateral farrow ; a shallow longitudinal depression, which 
marks-out the ‘ posterior columns’ of the Cord (p, p) as distinct from the 
‘ antero-lateral columns.’ A corresponding furrow has been sometimes 
described as traversing the Cord in the line of the anterior roots of the 
nerves on either side ; but this can scarcely be said to have a real exist- 
ence; and the separation of the ‘antero-lateral columns’ into the 
‘ anterior’ and the ‘ lateral’ columns (a a and L l) is only marked ex- 
ternally by the attachment of the nerve-roots. It is made more obvious 
internally, however, by the peculiar distribution of the grey matter; 
which, though by no means uniform throughout the Cord, usually pre- 
sents (in a transverse section) the form of two somewhat crescent-^aped 
masses, whose convexities are turned towards each other, and are con- 
nected by the grey commissure, whilst their cornua are directed towards 
the surface of the cord ; the posterior peak on each side nearly reaches the 
posterior lateral furrow, whilst the anterior, though the larger cornu, does 
not approach quite so near the surface. The grey matter is enveloped by 
the white substance of the columns, which are entirely composed of nerve- 
tubes, whose general direction is longitudinal. — The Spinal Cord of Man 
is by no means of uniform dimensions in every part of its length ; and 
the proportions which the grey and white substances bear to one another 
in different parts, are extremely diverse. Two principal enlargements are 
seen in the cervical and lumbar regions, at the origins of the large nerves 
forming the brachial and crural plexuses ; and these enlargements are 
chiefly due to an increase of the grey substance, which is comparatively 
deficient in the intervals. On the other hand, there is a regularly - 
progressive increase in the white substance, as we proceed from the lower 
to the higher portion of the cord ; and this fact of itself serves to indi- 
cate the probability, that the longitudinal columns serve (as formerly 
supposed) to establish a direct connection between the Encephalic centres 
and the roots of the Spinal nerves. 

468. The grey matter or vesicular substance of the Spinal Cord, which is 
best seen in transverse section (Figs. 102 and 1 03), is by no means uniform 
in its texture throughout. Its anterior cornua, which are thicker and 
shorter than the posterior, are of a uniform grey colour ; and they con- 
sist of large well-developed nerve-ceUs (c?. Fig. 102, and /,Fig. 103), which 
usually present many radiating processes that seem to inosculate together, 
with delicate nerve-fibres of medium fineness passing in various direc- 
tions between them. The central portion, which contains the canal, and 
which also forms the commissure, has a similar composition ; but the 
cells are smaller, though still having long branching radiations ; and the 
fibres are extremely fine, their tubularity being often indistin^shable. 
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The anterior portion 6f the commissure, however (w, Fig. 103), is purely 
fibrous, and is distinguished by some as the ‘ white commissure it does 
not, however, form an immediate connection between the two anterior 
columns, but brings each of them, as will be presently seen, into relation 
with the vesicular matter of the anterior cornu of the opposite side. 

The posterior cornua (Fig. 103, g h tj), 
longer and narrower than the anterior, 
are divided by Mr. Lockhart Clarke 
into two parts, the Caput and the 
Cervix Cornu. The Caput Cornu (g 
/i), or bulbous extremity of the horn, 
consists of an outer and compara- 
tively transparent gelatinous portion 
(j^), and of an inner and more opaque 
portion (Ji). The former contains 
nerve-cells of various shape and size, 
often multicaudate, the caudate pro- 
longations being continuous with 
nerve-tubules of small average size 

Transverse Bection of the grey substance of (varvingfrom l-5000th tO 1-20, 000th 

the Human Spinal Cord at the level of the first ' « i \ • , i’ i 

dorsal Nerves:-^, gelatinous substance of of an inch), running transversely, lon- 

gitudinaUy, and obliquely. Mingled 

vesicular column j k, the tractus intermedio- with them are blood-vessels, and pro- 
lateralis; Anterior Cornu ; w, Central Canal ; 

«, Anterior Decussating Commissure. bably some connective tissue. Ihe 

inner or anterior portion of the 
Caput also contains longitudinal fibres, to which its opacity is chiefly 
due ; transverse fibres which are continuous with the posterior roots of 
the nerves and with the longitudinal column of the cord, and cells 
which are for the most part of small size.* A remarkable column 
of ganglionic cells constituting the inner and anterior part of the Cervix 
cornu (y) has been described by Mr. Clarke under the term of the pos- 
terior vesicular column. The point of junction of the anterior and posterior 
cornua (^) is termed by the same observer the tractus intermedio-lateralis. 
It extends from the upper roots of the eighth cervical nerves to the lowest 
part of the dorsal region, but is most prominent about the first and 
second dorsal nerves. The posterior vesicular columns, on the other 
hand, are largest at the lowest part of the dorsal region. 

469. The connection of the Nerve-roots of the Spinal Nerves with the 
several components of the Cord, and the course of the fibres after entering 
it, may be made-out partly by means of sections^ and partly by following 
the course of individual fibres by ordinary microscopical dissection. f The 
following is an outline of the information which may thus be gained from 
a comparison of transverse and longitudinal sections (Fig. 102 et seq ). — 
The bundles that form the Posterior roots (Fig. 102, c, c ; Fig. 104, p, P, p) 
consist of three kinds, which differ from each other partly in direction, and 
partly in the size of their component filaments. The^rs^ kind. Fig. 104, 

• See Lockhart Clarke, *‘Phil. Trans.,” 1858, p. 249. 

+ Mr. J. L. Clarke has succeeded, by the adoption of a peculiar method of prepara- 
tion {for which ace “Phil. Trans.,” 1869, Appendix, p. 468), in making sections of 
oonsidsrable dimensions, sufficiently transparent to allow the course of the fibres, and 
the contour of the nerve-cells and ^eir prolongations, to be distinctly made-out. 


Fio. 103. 
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a, a, a (which are more numerous in the upper part of the Cord), enter 


the posterior columns horizontally ; 
and then, taking a longitudinal direc- 
tion down the Cord, send fibres into 
the anterior grey substance (o), of 
which some bend upwards, and others 
downwards ; part apparently becom- 
ing continuous with fibres of the an- 
terior roots ; whilst another part lose 
themselves among the fibres of the 
anterior columns, in which they may 
either proceed continuously to the 
head, or may pass-along for a limited 
distance only, to emerge in the nerve- 
roots of some other segment. The 
second kind of bundles, 5, Z>, i, also 
traverse the posterior columns hori- 
zontally and obliquely inwards ; their 
further course may be best traced in 
a transverse section (Fig. 102). These 
fasciculi, which are composed of re- 
markably fine and delicate fibres, 
interlace so as to form with each 
other an intricate plexus ; and from 
this, straight and distinct bundles 
enter the posterior cornua along their 
whole breadth, crossing the ‘ sub- 
stantia gelatinosa’ both obliquely and 
at right angles. Having thus entered 
the vesicular substance of the Cord, 
some of the fibres become connected 
with multipolar ganglionic cells ; 
others, after traversing it, emerge 
from it again, into either the pos- 
terior columns, or the posterior por- 
tion of the lateral columns ; others 
pass towards the transverse commis- 
sure, through which they seem to 
make their way to the posterior and 
lateral columns of the opposite side ; 
and others, again, form a fine net- 
work, which extends towards the 
anterior cornua. Of the fibres of a 
third set (Fig. 104, c, c, c), a part 
seem to become directly continuous 
with the fibres of the posterior co- 
lumns; the larger proportion of them, 
however, cross these columns ob- 
liquely upwards, and enter the grey 
substance at different points; after 
passing into which, they can no longer 


Pro. 104. 



Longitudinal Section through Cervical en- 
largement of Spinal Cord of C(d — A. c, anterior 
white columns : ▲ o', portion showing the ar- 
rangement of the lon^tudinal fibres ; p c, pos- 
terior white columns; a, grey substance between 
them (the vesicles omitted, to avoid obscuring 
the course of the fibres) ; x, anterior roots of the 
nerves , f, posterior roots, Consisting of three 
kinds, the first, a, crossing the posterior columns 
horizontally, and then passing obliquely down- 
wards, across the aprej substwce, into the an- 
terior columns ; the second, 5, traversing the 
posterior columns horizontally, and then losing 
themselves in the grey substance ; the third, c, 
for the most part rooming continuous with the 
longitudinal fibres of the posterior column ; all> 
or almost all, nltimatoly entering the grey sab- 
stance. 
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be clearly followed, although some of them appear to form loops and then 
return to the white columns. — The fesciculi of fibres which constitute the 
anterior roots (Fig. 102, 5, 6, h; Fig. 104, A, a), on the other hand, traverse 
the anterior columns of the Cord nearly horizontally, and in straight and 
distinct bundles, which do not interlace with each other, until they reach 
the anterior cornu of the grey substance ; on entering this, they break-up 
into smaller bundles and separate fibres, which diverge in various direc- 
^ons; many unite with the larger multipolar ganglionic cells of the 
^interior horns of the grey substance ; some pass-out again into the 
anterior, and others into the lateral columns of the same side ; others, 
again, pass towards the anterior part of the commissure, in which they 
cross-over to the opposite side, entering its anterior and lateral columns ; 
a considerable number plimge into the central substance of the grey cornu, 
and of these some become longitudinal, passing equally upwards and down- 
wards, whilst others seem to traverse it horizontally, so as to come into 
relation (not improbably into actual continuity) with the posterior roots.* 

470. Thus we see that there are two very distinct courses pursued by 
the Root-fibres of the Spinal Nerves, in the substance of the Cord ; the 
first transverse, the second longitudinal. The fibres belonging to the 
former category traverse the Cord horizontally or obliquely, and appear 
to pass-out in the other set of roots connected with the same segment, 
either on its own or on the opposite side of the median fissure. Of those 
belonging to the latter, a small part appears to connect the posterior roots 
directly with the posterior columns, without passing into the vesicular 
substance ; but the remainder of those belonging to the posterior roots, 
first enter the grey matter of the Cord, and then emerge from it either 
into the posterior column, or into the posterior part of the lateral column, 
of their own or of the opposite half of the Cord ; and, in like manner, all 
the longitudinal fibres belonging to the anterior roots first enter the 
vesicular substance, and then pass-out from it into the anterior column, 
or the anterior part of the lateral column, of the same or of the opposite 
side. How far any of these longitudinal fibres proceed, however, either 
upwards or downwards in the Cord, must be acknowledged to be 
altogether imdecided. It seems quite probable that some of them are (so 
to speak) properly longitudinal commissures, serving to connect the nerve- 
roots of one segment of the Cord, with the vesicular substance of another 
at a greater or less distance either above or below ; and it has been 
recently maintained by several distinguished Neurologists, that all 
may be of this character, so that the Spinal Cord is the real centre 
of all the nerve-fibres connected with it.f The principal argument for 

* Those who are desirous of pursuing the structure of the Spinal Cord in more detail 
than can possibly be given in an elementary treatise like the present, are referred to 
the important work published by Stilling in 1866, entitled “ Neue Untersuchungen 
liber den Ban des Kbckenmarks, ” in 3 parts, with an atlas ; also to the “ Untersuch. 
iiber den feineren Bau des Central Nerven-system des Menschen,” by J. v. Lenhossek, 
Wien, 1866; to the researches of Bidder and KupfiFer, “ Ueber die Textur des Kticken- 
marks,” Leipzig, 1867; to the valuable papers in the “Philosophical Transactions” for 
1861, 1863, 1868, part L p. 231, 1869, Part i. p. 437, by J. Lockhart Clarke ; to 
the Translation by the Sydenham Society of the treatise of Schroeder v. d. Kolk, 1869 ; 
and to the recently published essay of Br. C. Frommann, “ Untersuch. iib. die Norm, 
u. Path. Anat. des EUckenmarks,” Jena, 1864, 4 plates. 

t See Budge, “ Physiologie,” 1862, p. 614, and Schilling, “ De Med. Spin. Text.,’ 
Dorp. 1862. Schroder v. d. Kolk, Syd. Soc, Transl. 1869, pp. 44, 66, 
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this doctrine (which seems to have originated with the anatomical re- 
searches of Stilling and Wallach,* and to have been first put-forth on a 
physiological basis by Messrs. Todd and Bowmanf), arises from the 
asserted difficulty of supposing that its longitudifial columns can transmit 
any considerable number of nerve-fibres from the Encephalon to the 
Spinal nerve-roots. Thus it is urged by Dr. Todd, that it is highly im- 
probable that the only channel by which the Will can infiuence the spinal 
nerves, should be (as generally admitted) that afforded by the Ant0dol| 
Pyramids ; since the whole bulk of these pyramids on both sides, takep.^ 
together, scarcely equals that of one of the anterior portions of the antero- 
lateral columns. Moreover, if there were a gradual giving-off of En- 
cephalic fibres from the longitudinal columns into the roots of the nerves, 
the size of these columns ought progressively to diminish from above 
downwards ; whereas it is asserted by Volkmann, who has strenuously 
upheld this doctrine (loc. cit.), that the size of the white columns presents 
no such diminution, but that it is everywhere proportional to the quantity 
of grey matter in the Cord. Thus in Serpents, the Spinal cord (as already 
noticed) is remarkable for its uniformity of dimension through its entire 
length, the absence of limbs preventing the necessity for an increase in 
the quantity of grey matter in any part, and the fibrous columns pre- 
senting a similar uniformity throughout ; whereas, if the latter be really 
Encephalic, they should gradually dwindle-away from the head to the 
tail. Moreover it has been estimated by Volkmann, that the area of the 
whole Spinal Cord of a Boa, at its anterior part, is not more than one^ 
eleventh part of the united area of the 221 pairs of nerves which are 
given-off from it. Further it is urged by Volkmann, that the white 
columns are absolutely smaller in the cervical region, than they are in 
the lower part of the Cord ; so that they would not suffice to convey even 
the lumbar columns upwards to the Encephalon, much less to transmit 
the fibres of all the intervening nerves in addition. 

471. These and similar statements, however, have been met by Prof. 
Kolliker (loc. cit.), whose researches have led him to a conclusion opposed 
to that of Volkmann, althoiigh he was at one time inclined to coincide 
with it. He has assured himself that in Man^ the thickness of the white 
columns does augment from below upwards, and that the increase in the 
diameter of the Cord at the ganglionic enlargements is due to the aug- 
mentation of the grey matter only. Moreover, the diameter of the nerve- 
tubes in the Cord, especially at its upper part, is so much smaller tlian 
the diameter of the nerve- tubes of the Nerve-roots, that a large allow- 
ance must be made for this difference, in estimating the relative number 
of nerve-tubes in the fibrous columns of the Cord and in the Spinal 
Nerves ; and he asserts from actual measurement, that it is by no means 
impossible for the fibrous strands of the former to contain all the nerve- 
tubes which issue from them in the latter. He has found himself unable, 
moreover, to detect any termination of the nerve-fibres in the vesicular 
substance of the spinal cord ; and hence he thinks it probable that they 
all pass upwards to the brain. — On the other hand, the researches of Mr. 
J. L. Clarke, which have been carried in some respects to a greater 

* “ Untersuclmiigen iiher die Textnr dee Ettekenmarks,” lieiptig, 1842. 

t ** Physiological Anatomy and Physiology of Man,’* part ii., 1845. 
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degree of minuteness than those of Prof. Kblliker, seem to confirtn the 
belief that there is a set of fibres which never become longitudinal, and 
which, accordingly, have no other ganglionic centre than the vesicular 
substance of the segment of the Cord with which they come into imme- 
diate relation ; whilst they also accord with those of Prof. Kblliker in 
rendering it extremely probable, that many of the longitudinal fibres of 
both roots do pass continuously upwards to the Encephalon, most of 
them after traversing the grey nucleus, but some of those of the posterior 
roots without even entering the vesicular substance, so that these cannot 
have their ganglionic centre in the Cord at all. If the latter be among 
the fibres which pass-up through the Posterior Pyramids into the sen- 
sory tract of the Crura Cerebri, their true ganglionic centres are the 
Thalami Optici. 

472. That such is the real arrangement, is very strongly indicated by 
the analogous conformation of the gangliated cord of Articulated animals ; 
for it may be stated with tolerable certainty, that some of the root-fibres 
of their nerves pass along the purely-fibrous tract of that cord (which is 
far more readily separated from the vesicular, than it can be in Verte- 
brata), directly to the cephalic ganglia, which they thus bring into direct 
communication with all the nerve-trunks connected with the gangliated 
cord; but that others, also becoming longitudinal, and rimning along 
those portions of the cord which intervene between and connect the 
ganglia of the different segments, pass into the nerve-trunks that emerge 
from ganglia at a distance of one, two, three, or more segments above or 
below : whilst a large proportion of the root-fibres have their ganglionic 
centres in the ganglia which they respectively enter ; and, after coming 
into relation with its vesicular substance, pass-out again, either on the 
same or on the opposite side of the median plane.* Now the purely- 
fibrous tract of the ventral cord of the Articulata terminates in the 
Cephalic ganglia, which are homologous, as already remarked (§ 427, iv.), 
not with the whole Encephalon of Vertebrata, but with their ‘ sensory 
ganglia’ alone; and thus analogy would lead us to suppose, that the 
fibrous strands of the Spinal Cord do not pass-on continuously to the 
Cerebrum, but really extend no further upwards than the Corpora Striata, 
Thalami Optici, and the other ganglionic centres in connection with 
them, which lie along the floor of the cranial cavity. This view wiU be 
hereafter shown (Sect. 3) to be in harmony with anatomical and physio- 
logical facts, which indicate that the Cerebrum only receives its impulses 
to action through the medium of the Sensory Ganglia, and that it reacts 
upon the muscular apparatus only through the same channel. That 
some of the afferent fibres of the spinal nerves should ascend continuously 
upwards to the ganglia of tactile sense, in Man and other Vertebrata, as 
well as in Articulated animals, would seem a legitimate deduction from 
the fact, that such continuity obviously exists between the olfactive, 
visual, and auditory nerves, and their respective ganglionic centres, no 
intermediate apparatus of vesicular matter being interposed in their 
course; and, as we have seen (§ 469), the existence of such a continuity 

* See “Princ. of Comp. Phys.,” § 648. — The important facts here referred* to have 
been chiefly substantiated by the researches of Mr. Newport ; a very important addition 
to his statements, however, has been recently made by M. CUnther, who has demon- 
strated the actual continuity between the nerve-fibres and the caudate vesicles, in the 
ganglia of the ventral cord of the Leech. 
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in regard to a part of the fibres of the posterior roots of the nerves, is 
made extremely probable by the researches of Mr. J. L. Clarke . — A 
very remarkable confirmation, too, has been afforded to the doctrine 
of the constitution of the Spinal Cord here advocated, by the Patho- 
logical researches of Dr. Ludwig TUrck;* who has shown that certain 
lesions of the Encephalon produce a degeneration of nerve-tissue in par- 
ticular tracks, which may be traced continuously down the Spinal Cord, 
usually in the anterior column of the side affected, and in the lateral 
column of the opposite side ; whilst, on the other hand, local lesions of 
the Spinal Cord, as from caries of the vertebrae, or from the pressure of 
tumours, produce a like degeneration in certain tracks of the posterior 
columns, and sometimes also of the lateral columns, ascending towards 
the Encephalon. Thus it appears that the posterior fasciculi are liable 
to this secondary degeneration in the centripetal direction only, and the 
anterior in the centrifugal direction only ; the degeneration taking place, 
in each case, in the direction in which they ordinarily transmit nerve- 
force. The mixed endowments of the lateral columns are also indicated 
by these phenomena. 

473. We are not required, however, by the adoption of this view of 
the constitution of the Spinal Cord, to regard its Cephalic fibres as of a 
different order from those which pass from one of its own segments to 
another; for, considering the whole of the Cranio-Spinal axis as one 
series of centres, receiving the terminations of all the nerves, its longitu- 
dinal fibres are equally commissural, whether they establish the connection 
between the nerve-roots and vesicular matter of two adjacent segments, 
or whether they bring into the same structural relation the parts which 
are furthest removed in position. And thus we may regard all im- 
pressions upon the afferent nerves as first operating upon it (affecting the 
consciousness, or not, according as they reach the Sensory Ganglia, or are 
arrested in their progress thither) ; and all motor impulses, whether 
purely-reflex, or originating in volitional direction or emotional excite- 
ment, as issuing immediately from it through the motor trunks. — If such 
be the case, it does not seem at all improbable that there should be a 
difference in different tribes of animals, as to the proportion of fibres 
which have their centres in the Spinal cord and in the Sensorial centres 
respectively ; for in those whose ordinary movements of progression, &c., 
are independent of sensation, being performed through the reflex action of 
the spinal cord, it might be expected that the chief connection of the^ 
spinal nerves should be with its own ganglionic substance, and that the 
bulk of the fibrous columns should be composed of commissural fibres 
resembling those which intervene between the separate portions of the 
ganglionic tract of the ventral cord of Articulata ; whilst in like manner 
it might be anticipated that in Man, so large a part of whose movements 
are performed in obedience to a mental stimulus and under the guidance 
of sensation, the longitudinal strands should be chiefly composed of fibres 
that directly connect the sensorial centres with the roots of the spinal 
nerves. Such a difference would appear, from the comparative researches 

* See his Memoir * Ueber secondAre Erkrankung einzelner Eiickexuunarksstr&nge usd 
ihrer Fortsetzungen zum Gehirne/ in ^‘Denkschriften der Kaiserlichen Akftdemie der 
Wissenschaften,” Wien, 1861; also “Zeitschrift der Gesell. der Aertze zo 
band ix. heft 10. 
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of MM. Volkmami and Kolliker, to exist between the structure of the 
Spinal cord of the Horse and that of Man. 

474. The Medulla Ohlongata^^ or cranial prolongation of the Spinal 
Cord, which brings it into connection with the Encephalic centres, is dis- 
tinguished by the peculiar arrangement of its fibrous strands and of its 
nuclei of grey matter ; and also by the peculiar distribution and endow- 
ments of the nerves connected with it. The anatomical boundaries 
usually assigned to it are the Pons Varolii above and the Occipital fora- 
men below ; but these limits are purely artificial, and for physiological 
purposes the course of its fibres must be traced much higher. The part 
thus marked-out has a bulb-like form, and presents, like the Cord of 
which it is the continuation, a posterior and an anterior median fissure. 
The former is deep and narrow, extending to the posterior border of a 
layer of commissural fibres which forms the floor of the anterior fissure. 
The latter is wider and less deep ; and its continuity with the anterior 
fissure of the spinal cord is interrupted by the decussation of the Anterior 
Pyramids, which is marked externally by the crossing of from three to 
five bundles of fibres from each side over to the other. This decussation 
may be considered as the physiological boundary between the Medulla 
Oblongata and the Spinal Cord. The surface of each lateral half is fur- 
rowed by grooves, which assist in marking-out the several strands of 
nerve-fibres that may be distinguished on either side : these are — i. The 
Anterior Pyramids, or Corpora Pyramidalia; ii. The Olivary Bodies, or 
Corpora Olivaria; iii. The Lateral Columns; iv. The Tubercles of Eo- 

lando, or Tuherculi Cinerei ; V. The 
Restiform Bodies, or Corpora Pesti- 
formia; otherwise called Processus 
a Cerebello ad Medullam Oblongatam ; 
VI. The Posterior Pyramids, or Cor- 
pora Pyramidalia Posteriora, (See 
Fig. 105.) — The connections of these 
with the Brain above, and with the 
Spinal Cord below, wiU be presently 
traced. The vesicular substance, on 
the other hand, is principally aggre- 
gated in three pairs of ganglionic 
centres; of which the anterior forms 
the nucleus of the Olivary body, the 
lateral of the Restiform, and the posterior of the Posterior Pyramidal. 

475. The Anterior Pyramids (i.) consist entirely of fibrous structure, 
and establish a communication between the ‘ motor tract’ (Fig. 106, mt) of 
the Crura Cerebri, and the anterior and antero-lateral columns of the 
Spinal Cord, The principal part of their fibres decussate ; and these, as 
they pass from above downwards, dip away from the anterior surface of 
the Cord, and connect themselves with its middle or lateral columns, 
instead of with its anterior, as was pointed-out by Rosenthal,*]* and more 
fuUy described by Dr. J. Reid.f And some fibres are stated by Mr. J. 

* For good accounts of the anatomy of the Medulla Oblongata, see Dr. John Reid in 
“Bdinb. Med. and Surg. Jour.,** 1841, and Mr. L. Clarke in the ‘Thil. Trans.,” 1858, voLi. 

+ ** Bin Beitrag zur Encephalatomie,** Weimar, 1816, 

X “Bdinb. Med. and Snrg. Joum.,” Jan. 3841 ; and “Physiol., Pathol., and Anat. 
Hesearches,** chap. yii. 


Fig. 105. 



Lateral view of the Medulla Ohlongaia : — 
apf anterior pyramid; oc, olivary column; 
I c, lateral column ; t c, tubercle of Rolando, 
or tulwrculo-cinereo ; a r, corpus restiforme; 
p p, posterior pyramid ; a/, arciform fibres; 
Scrip., callus sciiptorius. 
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L. Clarke* to pass into the posterior columns and posterior grey substance. 
A small part of the fibres of the pyramidal columns, however, do not decus- 
sate, but proceed downwards on the same side, into the corre^nding 
anterior columns of the Spinal Cord. — ii. The Olivary bodies are com- 
posed of fibrous strands, enclosing a grey nucleus (Fig. 106, og) on either 
side. The upward continuation of the former divides, while passing 
through the Pons Yarolii, into two bands, one of which proceeds upwards 
and forwards as a part of the ‘motor tract’ (m t) of die Crus Cerebri, 
whilst the other (o) proceeds upwards and backwards to reach the 
Corpora Quadrigemina (c, d). The Olivary columns are continuous infe- 
rior ly with the antero-lateral columns of the Spinal Cord. Their vesicular 
nucleus, which is known as the ^Corpus dentatum,' seems to be inti- 
mately connected with all the surrounding parts of the Medulla, chiefly 
through the arciform system 
which will presently be de- 
scribed ; and Mr. Lockhart 
Clarke, though he has never 
been able to trace any im- 
mediate connection between 
the cells of the nuclear la- 
mines and the roots of the 
nerves — even in the case of 
the hypoglossal nerves which 
pass directly through them — 
yet is inclined to regard them 
as the co-ordinating centres 
for the different ganglia or 
nuclei of the Medulla Oblon- 
gata.f Schroeder v. d. Kolk 
is disposed from many con- 
siderations to regard these 
bodies as the nervous centres 
on which the symmetrical 
movements required in 
speech or the articulation 
of the voice are essentially 
dependent. J — iii. The la- 
teral columns (Ic, Fig. 105), Faisceaux intermediairea of Longet, decus- 
sate below with the anterior pyramids. Ascending, they assume the 
form of triangular columns, the apex of each appearing at the surface, the 
base being opposed to the one of the opposite side, and projecting, covered 
with grey substance, into the floor of the 4th ventricle. Behind, they are 
in contact with the restiform bodies, and in front with the olivary b^es. 
At their upper part they trifurcate, one portion curving outwards to enter 
the middle peduncle of the cerebellum, the other two separating from oiie 
another to allow of the passage of the superior peduncles of the cerebellum 
and part of the restiform columns, the inner one ultimately reaching the 
cerebral peduncles; the outer one forms a transverse commissure behind the 
Corpora Quadrigemina. — iv. The grey tubercle of Bolando (<c, Fig. 105) 


Fw. 106. 


A 



Dissection of the Medulla Oblongata, to show the connec* 
tions of its several strands : — a, corpus striatum ; b, thala- 
mus options ; o, D , corpora quadrigemina ; b» commissure 
connecting them with the cerebellum; r, corpora resti- 
formia; p, p, pons varolii; $t, et, sensory tract; 
motor tract ; g, olivary tract ; p, pyramidal tract ’,og, oli- 
vary ganglion ; op, optic nerve ; 3 m, root of the tniru pair 
(motor) ; 5 e, sensory root of the fifth pair. 


* ** Phil. Trans.,’’ 1858, p. 238. t Op. cit., p. 245. Z Op. cit, p. 148 ssj. 
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is simply the expanded extremity of the posterior cornu of the grey 
substance of the Spinal Cord now appearing on the surface. — ^v. Th^Eesti- 
form bodies each consist of fibrous strands (f, Fig. 106), enclosing a grey 
nucleus. The fibrous strands pass upwards into the Crura Cerebelli ; whilst 
below they are chiefly continuous with the posterior columns of the Spinal 
Cord, having also some connection with the posterior part of the middle 
columns. These Cerebellar columns also communicate, however, with the 
anterior columns of the Spinal Cord by a band of ‘ arciform ’ fibres, whose 
connections were first distinctly described by Mr. Solly;* of these 
there is a superficial set which unites itself with the pyramidal columns, 
and a deep set which comes into relation with the olivary. — vi. The 
Posterior Pyramids are scarcely distinguishable externally from the Res- 
tiform bodies, of which they were formerly described as a constituent part ; 
they form, however, the immediate boundaries of the posterior median 
fissure ; and whilst superficially marked-off from the Restiform bodies by 
a slight groove, are more completely separated from them by their 
anatomical relations to the parts above and below. Their fibres 
establish a connection between the sensory tract (s f, s i) of the Crura 
Cerebri, and the posterior part of the lateral columns of the Spinal 
Cord, some of them passing also into its posterior columns. These 
fibrous tracts are stated by Mr. Sollyt and Dr. Radclyffe Hallf to 
decussate, partially at least, whilst passing through the Pons Varolii. 
The arciform fibres (a /, Fig. 105) here seen crossing the Medulla nearly 
at right angles, just below the olivary bodies, which indeed they partly 
cover, have been shown by Mr. J. L. Clarke to be only a superficial 
portion of a very important and extensive 
order of commissural fibres (well seen in Figs. 
110-112), the bulk of which is much more 
deeply placed, and which not only connect the 
opposite halves of the Medulla Oblongata by 
traversing the raphe, but at the same time form 
the means of commimication between all the 
parts of each separate half, the net-like arrange- 
ment of the fibres being everywhere inter- 
spersed with innumerable cells of varied shape 
and size, from which many of the fibres may be 
seen to arise. — The gradual development of 
the several centres of grey substance in the 
Medulla Oblongata, and the relations which they 
bear to the Cerebral nerves, most of which 
take their origin from this part of the Spinal 
axis, may be rendered intelligible by a com- 
parison of the following diagrams. The first sec- 
tion here shown (Fig. 107) is made at the level of 
the lower fibres of origin of the first Spinal 
nerves. On comparing the shape and position of the grey substance 
with its appearance, as shown in Fig. 102, it will be observed that the 
whole of the grey substance is here placed more anteriorly than in that 

* “ JhiloBophical Transactions/* 1836. 
t “The Human Brain,** 2nd e^t., p. 243. 
i **Edinb. Med. and Surg. Journ./* July 1847, plate vii. 


Fig. 107. 



Section made opposite First 
onir of Cerrical Nerves.— The 
following references indicate 
the same jiarts in Figs. 107-113: 
— a, anterior, p, posterior root 
of Spinal Nerve ; t », anterior 
white column; o, posterior 
white column below, but in 
the higher sections restiform 
body; 6, 6, posterior pyramids; 
e, grey Tubercle of Rolando; 
JHy, Hypoglossal Nerve; Sp. 
Ac. Spinal Accessory Nerve; 
V, Pneumogastnc Nerve; gpt 
Giosso-pharyngeal Nerve. 
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Section passing through 
upper fibres of origin of First 
pair of Cervical Nerves. 


Fig. 109. 


section ; that the posterior white columns (a and b) are of large size, whilst 
the anterior and antero-lateral columns are com- 
paratively small. In Fig. 108 the grey substance 1^®* 

is seen to have relatively increased in size. On / ^ 

each side of the posterior median fissure a remark- 
able longitudinal column (b), containing grey mat- 
ter in its interior, termed the ‘ pyramid^ column,’ 
is beginning to appear ; a second swelling, situated 
on the Cervix a little more externally to that just 
mentioned, indicates the commencing appearance 
of the restiform nucleus ; still more externally, 

the Caput Cornu may be seen to be detached section passing through 
and thrown aside from the rest as a distinct pS^Sf®ce?vioal°5lrve^ ^ 
mass, which is traversed successively by the 

vagus and glosso-pharyngeal nerves, and then becomes the principal 
nucleus of the sensory root of the 5th pair. The decussation of the 
fibres of the anterior column is also here well seen. 109. 

In the next section (Fig. 1 09), made about ^ of hi 

an inch below the olivary bodies, the grey matter 

of the posterior pyramids (b) on either side of the 

posterior median fissure, is seen to have con- 

siderably increased in size ; the slight swelling at 

the base of the Cervix is also now much larger, 

and has become the grey nucleus of the restiform 

bodies (o), whilst what was the Caput Cornu is 

pushed still further forwards, and forms a great section Usins a^uarter of 

mass of grey matter at the side of the cord, known an inch below olivary bodies, 

as the Grey Tubercle of Rolando (e. Figs. 110, 111). The commis- 
sural direction and arrangement of the fibres of the anterior pyramids 
are also still apparent. On making a section just below the olivary bodies 
(Fig. 110), the grey matter is found to occupy almost the whole of the posterior 
pyramids (6), and a large portion of the restiform bodies (o), whilst a 
most delicate and complex system of interlacing fibres surrounds the 
central canal. The grey tubercle of Rolando having increased in size, 
and reached the surface of the Medulla, appears 
as a dark streak (t c. Fig. 105) ; the portion of the 
anterior column which does not decussate has 
been left white on the right side of this drawing. 

Two minute dark spots may be noticed near the 
bottom of the posterior fissure ; these are im- , 
bedded in the mass of cells forming the chief 
ganglionic centres of the Spinal Accessory nerve, 
though other and extremely fine rootlets belong- 
ing to these nerves may be traced, arising from the 
same part of the grey matter, and issuing with the ^ ^ 

posterior roots of the Spinal nerves as low down Section immediately below 
as the sixth or seventh cervical vertebra. Fig. olivary bodiea. 


Section passings a quarter of 
an inch below Olivary bodies. 


Fig. 110. 


Section immediately below 
Olivary bodies. 


Ill is taken from a section made through the lower part of the Olivary 
body. The posterior pyramids (b) still contain much grey matter, and 
the restiform nucleus and grey tubercle of Rolando are strongly defeed. 
The small central canal has become closely approximated to the bottom 
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Section through lower part of 
Olivary body. 


Pia. 112. 


of the posterior median fissure, and on either side of it are the ganglionic 
masses fi:om which the Spinal Accessory nerve takes its origin, whilst 

immediately in front of it are two dark 
spots indicating the ganglia of origin of 
Hypoglossal Nerve. Anteriorly the 
windings of the corpus dentatum or olivary 
nucleus are visible, with a remarkable 
set of ganglionic cells indicated by a. The 
whole central part of the grey substance 
of the Medulla is shown to be composed 
if ^ commissural bundles, constituting the 

system of arciform fibres described 
by Lockhart Clarke. The decussation 
^ ^ of the anterior pyramids is here much 

Section through lower part of diminished; for the fibres they derive 

Olivary body. from the lateral columns, which at first 

were their principal source, have become comparatively few; whilst 
those that proceed from the posterior columns and central grey substance 

have been gradually increasing in num- 
Pia. 112. ber, though not in a corresponding pro- 

^ portion. The section Fig. 112 is carried 

a through the Medulla just at the point of 
the Calamus Scriptorius, and shows that 
the Hypoglossal ganglia have retreated 
somewhat backward, pushing the mass 
of ganglionic cells from which the Spinal 
Accessory arose, but which now consti- 
^ tute the origin of the Pneumogastric 
Nerves (v), to some extent outwards. The 
‘ posterior pyramidal and restiform gan- 

section through^^omt of Calamus increased in size, and by their 

lateral expansion form nearly one con- 
tinuous mass on each side of the Medulla, which from the close interlacement 
of their fibres presents a spongy appearance, numerous cells being contained 
in the interstices. The section displayed in Fig. 1 13 is carried Sirough the 
upper part of the Medulla Oblongata, and shows the 
Fig. 113. Glosso-Pharyngeal arising at a higher level, but 

from the same series of ganglionic cells as those 
from which the Spinal Accessory and Pneumogas- 
tric roots have successively arisen, and which are 
Am! now simk beneath two new masses of vesicular 
substance from which the Auditory nerves take 
their origin. The Auditory nerve itself is seen to 
divide into two portions, one curving round the 
side of the Medulla, and forming the well-known 
transverse elevation on the floor of the Fourth 
Ventricle, the other dipping into the sub- 
section through upper part stance of the cord in front of the Restiform 
of the Med a Oblongata. body to reach its ganglionic centre, formed by 

the summit of the posterior pyramid and apparently of part of the 
nucleus of the Pneumogastric nerve. The ganglionic cells which give 



Section through point of Calamus 
Scriptorius. 


Fig. 113. 


Section through upper part 
of the Medulla Oblongata. 


STRUCTURE OF THE MEDULLA OBLONGATA* 


505 


origin to the motor root of the 5th nerve are here very apparent, and 
may be traced, forming almost a distinct vesicular column in tie Medulla 
as ^ down as to the level of the lowest roots of the Hypoglossal nerve. The 
deep origins of the 5th, 6th, and Portio Dura of the 7th, are shown in the 
section Fig. 114. The 6th and Portio Dura seem to form almost a loop, 
and to be continuous with one 
another through the ganglion 
from whence they arise, which 
is situated above but in the 
same line with that of the 
Hypoglossal. The motor and 
sensory roots of the 5th are 
separated from one another at 
their origin by the Portio 
Dura. The origins of the 
4th pair of Cerebral nerves 
have been shown by Mr. Lock- Section made through the summit of the Medulla 

hart Clarke to be traceable blongata. 

on either side through the thin laminae constituting the Valve of 
Vieussens, and through the columns forming the lateral boundaries of the 
Aqueduct of Sylvius, to near the floor of the fourth ventricle ; whilst the 
3rd nerve, the apparent origin of which is from the locus niger of the Cere- 
bral peduncles, has been followed by Stilling to a grey nucleus underlying 
the Aqueduct of Sylvius. In order to complete the description of the origins 
of the Cerebral nerves, it is only requisite here to mention that the 2nd 

Fig. 116 . 




Course of the Semoi^ ttact aecording to Sir C, Bell :-rA, l»0Bi VaroUi t a, sestoiY tract 
of posterior columns ; d, », posterior roots of s]^ nems ; srasoiy 


506 ^ 


FUNCTIONS OF THR CEREBEO- SPINAL NERVOUS SYSTEM. 


pair, or Optic nerves, arise from the posterior part of the Optic thalami 
and from the Corpora Quadrigemina ; whilst the 1st pair, or Olfactory 
nerves, arise by three roots, the outer one appearing to be connected 
with the Corpus Striatum of its own side, the inner one with the Lamina 
Cinerea in front of the Optic commissure, and the middle one springing 
from a grey nucleus in front of the anterior perforated space. — It wiU 
thus be seen that the whole series of the Ceph^c nerves, when followed 

Fio. 116. 



Course of the Motor tracts aocording to bir C. Bell : — a, a, fibres of the Hemisphere, con- 
verging to form the anterior portion of the crus cerebri ; B,the same tract, where passing the 
crus cerebri ; o, the right Pyramidal body, a little above the point of decussation ; n, the re- 
maining part of the Pons Varolii, a portion having been dissected-off to expose b.— 1, olfoo- 
tory nerve, in outline ; 2, union of optic nerves ; 3, 3, motor oculi j 4, 4, pathetious ; 5, 6, 
trigeminus ; 6, 6, its muscular division ; 7, 7, its sensory root ; 8, ori^n of sensory root from 
the posterior |Murt of the medulla oblongata ; 9, abducens oculi; 10, auditory nerve ; 11, fkcial 
nerve ; 12, eighth pair ; 13, hypoglossal : 14, spinal nerves ; 16, spinal accessory of right side, 
separated from par vagum and glosso-pharyngeal. 
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to their origin, arise from grey ganglionic centres situated along the floor of 
or just below the fourth ventricle and the base of the brain. These, there can 
be little doubt, are more or less intimately connected with one another by 
longitudinal and transverse commissural fibres, and establish the existence 
of a Sensory tract, the activity of which is of fundamental importance, as 
will hereafter be shown, in the origination of ideas and of a certain class 
of movements which may be termed ^ consensual’ or ‘ sensori-motor.’ 
The Pons is chiefly composed of transverse fibres which constitute the 
great commissure of the Cerebellum ; and these fibres not only surround 
the longitudinal bands which connect the Cerebral mass with the Spinal 
Cord, but pass through them so as in some degree to isolate the two 
lateral halves from one another, and to form a complete septum between 
the anterior and posterior portions of each. These anterior and posterior 
tracts of the Crura Cerebri are probably essentially subservient to the motor 
and sensory functions. The general relations of the Sensory tract were 
represented by Sir Charles Bell in the accompanying diagram (Fig. 115), in 
which the Medulla is opened on its posterior aspect, the restiform columns 
separated and turned aside so as to bring into view the posterior pyra- 
mids, some of the fibres of which may be traced upwards into the 
Thalami Optici, whilst tliey pass through the posterior pyramids into the 
posterior portion of the lateral columns, and also into the posterior 
columns of the Spinal Cord. It will be seen, however, from the fore- 
going description, that the posterior and lateral columns of the Cord to a 
great extent terminate in the lower part of the Medulla Oblongata, and 
that the posterior pyramids and restiform bodies, with their grey nuclei, 
are essentially new formations, the real function of which is as yet only 
partially determined. The Motor tract (Fig. 116) is brought into view by 
simply raising the superficial layer of the Pons, and following upwards and 
downwards the longitudinal fibres which there present themselves. These 
fibres may be traced upwards into the Corpora striata, and downwards 
into the anterior pyramids and a portion of the olivary columns, so that 
they connect the Corpora striata with the anterior, and with the anterior 
portion of the lateral columns of the Spinal Cord. 

476. Nerves of the Spinal Axis. — With the Spinal Cord (in its limited 
sense) there are connected thirty-one pairs of nerves ; each of which cor- 
responds to a vertebral segment of the body, and has two sets of roots, 
an anterior and a posterior, differing in their functional endowments, 
as already described (§ 443). The anterior roots are usually the smaller ; 
and this is particularly the case with those of the cervical nerves, in 
which the posterior roots are of remarkable comparative size. In the 
first Cervical or ‘sub-occipital’ pair, the anterior roots are sometimes 
wanting; but there is then a derivation of fibres from the Spinal Accessory, 
or from the Hypoglossal, or from both. The two roots of the ordinary Spinal 
nerves unite immediately beyond the ganglion, which is situated on the 
posterior one; and the trunk thus formed separates immediately into 
two divisions, — the anterior and posterior,— -each of which contains both 
afferent and motor fibres. These divisions, of which the anterior is by 
far the larger, proceed to the anterior and posterior parts of the body 
respectively; and are chiefly distributed to the skin and the muscles. 
The anterior branch is that which communicates with the Sympafibetic 
nerve. — In addition to these, however, as we have seen, the craiuai pro- 
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longation of the Spinal Axis is the centre of all the cephalic nerves, the 
functions of which, sinoe they are for the most part distinguished by the 
peculiarity of their endowments, require to be separately noticed. 

477. The pair of nerves commonly designated as the Fifth of the 
Cephalic series, or as the Trigeminus, is the one which more nearly 
resembles the ordinary Spinal nerves, than does any other of those 
originating within the cranium. It possesses two distinct sets of roots, 
of which one is much larger than the other ; on the larger root, as on 
the posterior and larger root of the Spinal nerves, is a distinct ganglion, 
known as the Gasserian’ ; and the fibres arising from the smaller root, 
the number of which has been estimated at 9000 to 10,000, do not blend 
with those of the larger, until the latter have passed through this ganglion. 
The trunk of the nerve separates into three divisions, — the Ophthalmic, 
the Superior Maxillary, and the Inferior Maxillary ; and it can be easily 
shown, by careful dissection, that the fibres of the smaller root pass into 
the last of these divisions alone. When the distribution of this nerve is 
carefully examined, it is found that the first and second divisions of it 
proceed almost entirely to the Skin and Mucous surfaces, only a very 
small proportion of their fibres being lost in the muscles ; whilst of the 
branches of the third division, a large number are distinctly Muscular. 
Hence analogy, and the facts supplied by anatomical research, would lead 
to the conclusion, that the first two divisions are nerves of sensation only, 
and that the third division combines sensory and motor endowments. 
Such an inference is fully borne-out by experiment. When the whole 
trunk is divided within the cranium by the penetration of a sharp instru- 
ment (which Magendie, by firequent practice, was able to accomplish), 
evident signs of acute pain are given. After the incision has been made 
through the skin, the animal remains quiet until the nerve is touched ; 
and when it is pressed or divided, doleful cries are uttered, which con- 
tinue for some time, showing the painful effect of the irritated state of the 
cut extremity. The common sensibility of all the parts supplied by this 
nerve is entirely destroyed on the affected side. The jaw does not hang 
loosely, because it is partly kept-up by the muscles of the other side ; 
but it falls in a slight degree ; and its movements are seen, when care- 
fully observed, to be somewhat oblique. If the trunk be divided on each 
side, the whole head is deprived of sensibility ; and the animal carries it 
in a curious vacillating manner, as if it were a foreign body. — If the 
anterior or Ophthalmic branch only be divided, all the parts supplied by 
it are found to have lost their sensibility, but their motions are unim- 
paired ; and all experiments and pathological observations concur in attri- 
buting to it sensory endowments only. The only apparent exception is 
in the case of the naso-ciliary branch, since there is good reason to believe 
that the long root of the ciliary ganglion and the long ciliary nerves 
possess motor powers ; but these appear to be derived from the Sympa- 
thetic or from the 3rd pair. When the whole nerve, or its anterior 
branch, is divided in the rabbit, the pupil is exceedingly contracted, and 
remains immovable ; but in dogs and pigeons it is dilated. The pupil 
of the other eye is scarcely affected ; or, if its dimensions be changed, it 
^n returns to its natural state. The eyeball, however, speedily becomes 
iufiamed; and the infiammation usually runs-on to suppuration and 
complete disorganization. The commencement of these (Ganges may be 
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commonly noticed within twenty-fonr hours after the operation; and 
they appear to be due to the want of the protective secretion, which is 
necessary to keep the mucous surface of the eye in its healthy condition, 
and which is not formed when the sensibility of that surfece is destroyed. 
— The Superior Maxillary branch, considered in itself, is equally destitute 
of motor endowments with the ophthalmic ; but its connection with other 
nerves, through the spheno-palatine ganglion and its anastomosing twigs, 
may introduce a few motor fibres into it. — The Inferior Maxillary branch 
is the only one which possesses motor as well as sensory endowments 
from its origin ; but its different subdivisions possess these endowments 
in varying proportions, some being almost exclusively motor, and others 
as completely of a sensory character. The latter is probably the nature 
of the Lingual branch ; and there seems good reason to believe, as will 
hereafter be shown (§ 480), that this ministers not only to the tactile 
sensibility of the tongue, but to the sense of Taste. The muscles put in 
action by this division, are solely those concerned in the masticatory 
movements. — The 5th pair is connected, in different parts of its course, 
with a number of small ganglia belonging to the Sympathetic system. 
One of the most interesting of these ganglia is the Ophthalmic or Ciliary 
(Fig. 117, 29 ), which is the centre whence the eyeball derives its supply 
of nerves, sensory, motor, and sympathetic. This ganglion derives its 
sensory fibres by its ^ long root’ from the nasal branch of the Ophthalmic 
division of the 5th pair ; its motor fibres, by the ^ short root’ from the 
3rd pair; whilst by another small root, it is connected with the cavernous 
plexus of the Sympathetic system,* and is thus brought into relation with 
the Spinal axis ; for, according to Budge,! these fibres of origin for the 

* The functions of this ganglion have been made the subject of particular investiga- 
tion by Dr. C. Radclyfife Hall(“Edinb. Med, and Surg. Journal,” 1846-48), whose 
most important results are as follows ; — 

1. The size of the ciliary ganglion is always in direct proportion to the activity of the 
iris, which in turn always bears a direct relation to the strength and acuteness of vision, 
and to the nocturnal habits of the animal, and implies a proportionate development of 
the internal vascular apparatus of the eye. 

2. The ganglion is always more intimately connected with the 3rd pair than With any 
other ; the size of the short root being always in direct relation to that of the ganglion, 
and the ganglion being sometimes a mere swelling on the trunk of the nerve. 

3. The fibres derived from the 5th pair do not terminate in the ganglion, but pass 
onwards through it to the ciliary plexus. 

4. In the Babbit, the iris receives fibres from the 6th pair which do not pass through 
the ganglion \ and it is through this that the contraction of the pupil is produced in that 
animal by irritation of the 5th pair, which will not produce any effect upon the pupil 
of the Dog, Cat, or Pigeon, so long as it does not affect the brain to the extent of pro- 
ducing vertigo, nor affect the visual sense in any other way, 

5. Irritation of the 5th nerve does not in any animal affect the action of the iris, after 
the division of the cerebral connections of all the other ocular nerves [this is denied by 
Budge], so that its influence over the movements of the iris must be reflected through 
the encephalic centres, not through the ophthalmic ganglion. 

6. The function of the ganglionic centre itself, as a part of the Sympathetic system, 
seems to be to bring the ‘ organic actions * of the eyeball, especially its supply of blood, 
into harmony with its functional activity ; this harmony being produced by *^6 passage 
of the cerebro-spinal nerves through the ganglion, which excites the synergetio action of 
its own vesicles and nerve-fibres.— Irritation of the 8rd pair of nerves produces eontiae- 
tion of the pupil ; irritation of the cervical portion of the Sympathetic, dUatatioiu On 
the other hand, paralysis of the 3rd nerve is followed by dUatation; pualysis of ^e 
cervical sympathetic (as by section), by contraction of the pupiL 

t Physiologic,” 1862, p. 767, 
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Sjrmpatlietic nerve arise from two centres : first, from the Spinal cord 
between the 6th cervical and the 2nd dorsal vertebra (a part which he 
terms the Centrum Cilio-spinale Inferius), the fibres from which pass 
upward in the great cord of the Sympathetic ; and secondly, from another 
centre situated in the Medulla Oblongata, in immediate proximity to the 
origin of the Hypoglossal nerve, the fibres from this source passing into the 
superior cervical ganglion. Valentin maintains that some of the fibres of the 
Inferior Cilio-spinal ganglion ascend in the trunk of the Pneumogastric.* 


Fig. 117. 



The Nervet qffhe Orhii seen from the outer side — 1, Scctionof the frontal bonej imme- 
diately behind the numeral is the frontal sinus, and, in front, the iiitegument. 2. The superior 
maxillary bone ; the section in front of the numeral exhibits the maxillary sinus. 3. Part of 
the sphenoid bone. 4. The levator palpebrte and superior rectus muscles. 6. The superior 
oblique muscle. 6. The inferior oblique muscle. 7. Tho ocular half of the external rectus 
muscle drawn forwards. 8, The orbital half of the external rectus muscle turned downwards. 

On this muscle the sixth nerve is seen dividing: into branches. 9. The inferior rectus muscle. 

10. The optic nerve, 11. The internal carotid artery cmermng from the cavernous sinus. 

12. The ophthalmic artery. 13. The third nerve. 14. The branch of the third nerve to the 
Inferior oWique muscle. Between this and the sixth nerve (8) is seen the branch which sup- 
plies the inferior rectus ; its branch to the ophthalmic ganfflion is seen proceeding from the 
upper side of the trunk of tho nerve, at the bottom of the orbit. 16. The fourth nerve. 16. 
tW trunk of tho fifth nerve. 17. The Gasserian ganglion. 18. Tho ophthalmic nerve. 19. 

The superior maxillary nerve. 20. The inferior maxillary nerve. 21. The frontal nerve. 22. 

Its divwion into branches to supply the integument of the forehead. 23. The lachrymal nerve. 

24. The nasal nerve; the small nerve seen in the bifurcation of the nasal and frontal nerve, is 
one of the branches of the upper division of the third nerve. 25. The nasal nerve passing over 
the internal recths muscle to the anterior ethmoidal foramen. 26. The infra-trochlear nerve. 

27. A long ciliary branch ot the nasal ; another long ciliary branch is seen proceeding from 
the lower aspect of the nerve. 28. Tho long root of the ophthalmic ganglion, proceeding from 
the nasal nerve, and receiving the sympathetic root which joins it at an acute angle. 29. The 
ophthalmic ganglion, giving-olf from its fore-part the short ciliary nerves. 30. The globe of 
the eye. 

478. The Thirds Fourth^ and Sixth pairs, together make-up the 
apparatus of motor nerves, by which the muscles of the Orbit are called 
into action. The 3rd pair supplies the greater number of the muscles. 
The number of fibres in the 3rd nerve is about 15,000, in the 4th about 
1100, in the 6th from 2000 to 2500 ;t the 4th being confined to the 
Superior Oblique, and the 6th to the External Rectus. Of these nerves, 
the 3rd pair is the only one which exhibits any appearance of sensibility 
when its trunk is irritated ; but this sensibility is not nearly so great as 
♦ See Schiff, ^^Fhysiojogie,” p. S76. 

+ Eosenthal, “ De Namero atqae Mensura Microecop. Pibrillamm,’* Breslaa, 1845. 
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that of the 5th pair ; and as there is no reason to believe that it is really 
possessed by the 3rd in virtue of its direct connection with the nervous 
centres, it is probably imparted by the anastomosis of that nerve with 
the 5th, — some filaments of which may pass backwards as well as for- 
wards, so as to confer sensibility on the trunk of the 3rd, above as well 
as beyond their point of entrance. Chauveau**^ observes that the deep 
or intra-cerebral portions of the motor nerves are quite incapable of 
being excited to action by direct stimulation ; though on applying irrita- 
tion to them at the point where they emerge from the cerebrum, move- 
ments can always be induced, — The peculiar mode in which those motor 
nerves ordinarily excite the muscles to action, under the guidance of the 
visual sense, will be considered in the next Section. Although com- 
monly ranked as cephalic nerves, they have no direct connection with 
the Cerebrum ; their real origin being from the upper part of the Spinal 
Axis. The roots of the 3rd pair may be traced into direct con- 
nection with the Corpora Quadrigemina ; a fact of considerable physio- 
logical importance, as will hereafter appear. — The chief actions of a 
purely-r^yZefl? nature to which this group of nerves ordinarily ministers, are 
the government of the diameter of the pupil, which is accomplished through 
the Third pair ; and the rolling of the eyeball beneath the upper lid 
during sleep, as well as in the efforts of sneezing, coughing, &c. But 
irregular movements of the eyeballs, which must be referred to the same 
group, are continually seen to accompany various abnormal forms of 
convulsive action. 

479. The Portio Dura of the 7th pair, or Facial Nerve, containing 
about 4000 to 4500 nerve-fibres, was shown by Bell to be a purely 
motor nerve, chiefiy distributed to the muscles of the face ; it has hence 
been termed the Nerve of expression. In its passage through the Aque- 
ductus Fallopii, it presents a gangliform enlargement, which is connected 
by the N. petrosus superficialis major with the spheno-palatine ganglion of 
the 5th, and by the N. petrosus superficialis minor with the otic ganglion. — 
By these branches the palatine muscles supplied by these ganglia receive 
their motor power, and some sensory fibres enter the facial, thus ac- 
counting for its sensibility when cut at its exit from that canal. It is 
also connected with the tympanic nerve of Jacobson proceeding from 
the glosso-pharyngeal, with the auricular of the Pneumogastric, and with 
the upper cervical nerves. The Portio Dura, besides the muscles of the 
face, supplies the stapedius, the auricular, occipital, stylohyoid, and the 
posterior belly of the digastric muscles. It does not supply the muscles of 
mastication. Its chorda tympani branch joins the lingual of the fifth, and 
has been shown by Bernard to be the nerve by which the submaxillary 
gland is excited to active secretion, while another branch is distributed to 
the parotid (§ 80). — Experimental as well as anatomical researches leave 
no doubt that the Portio Dura is the general motor nerve of the face ; 
ministering to the influence of Volition and of Emotion, and also being 
the channel of the reflex movements concerned in respiration, as of other 
automatic actions of the muscles. 

480. Although the functions of the Glosso- Pharyngeal nerve have been 
heretofore alluded-to in part, several questions still remain to be discussed 
in regard to them. Beasons have been given fqr the belief, that it is 

* “Journal de la Phyaiologie,” tom. v., 1862, p. 272. 
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ckiefly an afPerent nerve, — ecarcely having any direct power of exciting 
muscular contraction, but conveying impressions to the Medulla Ob- 

Pw. 118 . 



Th? distributloii of the Facial Nerve^ and the branches of the Cervical plexus:—!. The 
facial nerve, escaping from the stylo-mastoid foramen, and crossing the ramus of the lower 
jaw; 'the parotid gland has been removed hi order to show the nerve more distinctly. 2. 
Thte^sterior auricular branch ; the digastric and stylo-mastoid filaments are seen near the 
origin of this branch. 3. Temporal branches, communicating with (4) the branches of the 
frontal nerve. 6. Facial branches, communicating with (6) the infra-orbital nerve. 7. Facial 
branches, communicating with (8) the mental nerve, 9. Cervico-facial branches, communi- 
cating with (10) the superficialis colli nerve, and forming a plexus (11) over the subraaxillary 
gland. The distribution of the branches of the facial in a radiated direction over the side of 
me face, constitutes the pes anserinus. 12. The aurioularis magnus nerve, one of the ascend- 
ing branches of the cervical plexus. 13. The occipitalis minor, ascending along the posterior 
border of the stemo-mastoid muscle. 14. The superficial and deep descending branches of the 
cervical plexus. 16. The spinal accessory nerve, giving-off a branch to the external surface 
of the trapezius muscle. 16. The occipitalis m^or nerve, the posterior branch of the second 
cervical nerve. 

longata, which produce reflex movements of the motor nerves concerned 
in deglutition (§ 69). This view of its function was deduced by Dr. J. 
Reid from minute anatomical investigation, and from a large number of 
experiments. Some experimenters assert, that they have succeeded in 
exciting direct muscular actions through its trunk; but these actions 
seem to be limited to the stylo-pharyngei and palato-glossi muscles. — 
Much controversy has taken place on the question, whether this nerve is 
to be regarded as ministering, partly or exclusively, to the sense of Taste ; 
and many high authorities have ranged themselves on each side. The 
question involves that of the function of the Lingual branch of the 5th 
pair; and it is partly to be decided by the anatomical relations of the two 
nerves respectively. The Glosso-pharyngeal is principally distributed on 
the mucous surface of the fauces, and on the back of the tongue ; but 
according to Valentin, it sends a branch forwards, on either side, some- 
what beneath the lateral margin, which supplies the edges and inferior 
surface of the tip of the tongue, and inosculates with the Lingual branch of 
the 5th. On the other hand, the upper surface of the front of the tongue 
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is supplied by this Lingual branch, 
whose conclusions are bome-out by 
Dr. J. Eeid, decidedly support the 
conclusion, that the gustative sen- 
sibility of this part of the tongue is 
chiefly due to the latter nerve, being 
evidently impaired by division of it. 
On the other hand, it is equally 
certain, that the sense of taste is not 
destroyed by section of the Lingual 
nerve on each side ; and it seems also 
well ascertained, that it is impaired 
by section of the Glosso-pharyngeal 
nerve. — The pathological evidence 
bearing upon this point appears some- 
what contradictory. Numerous cases 
have been recorded,* in which botli 
common and gustative sensation were 
destroyed in the parts of the tongue 
supplied by the 5th pair, when that 
nerve was paralyzed ; in some of these, 
the loss of the sense of taste appeared 
to extend itself to the base of the 
tongue, but then there was evidence 
that the Glosso-pharyngeal was in- 
volved in the paralysis. On the other 
hand, cases of paralysis of the 5th 
pair are related by Mr. Noble and by 
Vogt,f in which common sensation 
was lost, whilst the sense of taste re- 
mained in the same parts ; and Mr. 
Noble relates another case,;]: in which 
there was loss of taste without impair- 
ment of common sensation. The 
cases of Mr. Noble and Vogt would 
seem to indicate that the 5th pair 
does not minister to the sense of 
Taste; but, as Dr. J. Eeid has justly 
observed, we have no evidence that 
all the filaments of the 5th pair sent 
to the tongue were affected; and 
there is believed to be no case on re- 
cord, in which the whole of the 5th 
pair,, or of its 3rd branch, was found 

* See especially the cases recorded by 
Romberg, in ^^Mdller’s Archiv,” 1888, heft 
iii. ; Todd and Bowman, in “Physiological 
Anatomy,” vol. i. p. 446; and Dixon, in 
“Med.-Chir. Trans.,” vol. xxviii. 

+ “ Medical Gazette,” Oct. 26, 1884 ; and 
“MiiUer’s Archiv,” 1840, p. 72. 

t “Medical Gazette,” Nov. 21, 1886. 
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The experiments of Dr. Alcock^ 



Origin and distribntion of the EigkikPaiirfii 
nerves 1, 3, 4. The Medulla Oblonmta. 1. The 
Corpus Pyramidale of one side. 3.^e Corpui 
Olivare. 4. The Corpus Bestiforme. 2. The Pons 
Varolii. 6. The Facial nerve. 6. The ori^ of 
the QloMo-phwryngeal nerve. 7. The ganglion of 
Andersoh. 8. The trunk of the nerve. 9. The 
Swmal AcceMory nerve. 10. The ganglion of the 
Pneumogcutric nerve. 11. Its plexmmngangRon. 
12. Its trunk. 18. Its pharyngeal branch forming 
the pharyngeal plexus (14) assisted by a branm 
from the ^osso-phan^g^ (8) and one ftom 
the superior laj^geal nerve (16). 16. Car^iao 
branches. 17. Recurrent larynmal branoh. 18. 
Anterior pulmonary brandies. 19. Posterior pul- 
monary branches. 20. (Eaophas^ plexus. 
Gastric branches. 22. Origin of the Spinal Aoon- 
Boxy nerve. 23. Its branches distrionted to the 
stemo-mastoid mnsde# 24. Its bran^ to 
thetrapezina mnade. 
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to be diseased after death, and in which during life the sense of Taste 
had been retained in the anterior and middle parts of the tongue. Hence 
these cases only serve to indicate what is probable on other grounds ; 
viz., that the filaments which convey gustative impressions are not the 
same with those that minister to common sensation. — On the whole, 
then, it seems to be proved by anatomical and experimental evidence, 
that both the Glosso-pharyngeal and the Fifth pair minister alike to the 
tactile and to the gustative sense ; and there is nothing in the pathological 
facts just noticed, that militates against this conclusion. There seems 
good reason to believe the Glosso-pharyngeal to be exclusively the 
nerve, through which the impressions made by disagreeable substances taken 
into the mouth are propagated to the Medulla Oblongata, so as to produce 
nausea and to excite efforts to vomit. The number of fibres in this nerve 
is about 3500. 

481. The functions of the Pneumogastric nerve at its roots have 
been made the subject of particular examination by various experi- 
menters ; some of whom (for instance, Valentin, Longet, and Mor- 
ganti) have concluded that it there possesses no motor power, but is 
entirely a sensory or rather an afferent nerve. According to these, 
if the roots, containing about 4000 smaller and 5000 larger tubules, 
be carefully separated from those of the Glosso-pharyngeal, and (which 
is a matter of some difficulty) fi'om those of the Spinal Accessory 
nerve, and be then irritated, no movements of the organs supplied by 
its trimk can be observed ; whilst, if the roots be irritated when in con- 
nection with the nervous centres, muscular contractions, evidently of a 
reflex character, result from the irritation ; and strong evidences of their 
sensibility are also given. It has been further asserted that, when the 
roots of the Spinal Accessory nerve are irritated, no indications of sensa- 
tion are given ; but that the muscular parts supplied by the Pneumo- 
gastric, as well as by its own trunk, are made to contract, even when the 
roots are separated from the nervous centres; so that these roots must be 
regarded as the channel of the motor influence transmitted to them from 
the Medulla Oblongata. Where the Pneumogastric swells into the jugular 
ganglion, an interchange of fibres takes place between it and the Spinal 
Accessory ; and it seems clear that the pharyngeal branches, which are 
among the most decidedly motor of all those given-off from the Pneumo- 
gastric, may in great part be traced backwards into the Spinal Accessory. 
— But, on the other hand, an equally numerous and trustworthy set of 
experimenters (among whom may be mentioned J. Reid, Muller, Volk- 
mann. Stilling, Wagner, and Bernard) are opposed to this opinion; 
maintaining that the Pneumogastric has motor roots of its own; and 
affirming that irritation of the roots of the Spinal Accessory produces 
little or no effect on the muscles supplied by the trunk of the Par Vagum. 
In the careful experiments of MM. v. Kempen and Thiernesse,* ^the 
causes of these discrepancies have been elucidated, for they have sh6wn 
that if irritation be applied to the roots of either the Spinal Accessory or 
Pneumogastric nerves, contractions occur in the oesophagus, in the con- 
strictor muscles of the pharynx, and in the internal muscles of the larynx; 
and, in addition, when the Spinal Accessory roots were irritated, in the 


* « Bulletin de lAoad. Boy. de M6d. de Belgique,** 1868, tom. xvi. p. 184. 
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trapezius and sterno-mastoid muscles. If, however, the roots of the 
Pneumogastric nerves be divided, and irritation be again applied to the 
roots of the Spinal Accessory, no movements are observed except in the 
trapezius and sterno-mastoid muscles. Hence it would appear that in the 
former instance, the oesophageal and laryngeal movements were occasioned 
by a redex action conveyed to the Medulla Oblongata by centripetal or 
sensory fibres in the Spinal Accessory, and reflected down to the muscles 
by motor fibres in the Pneumogastric nerves, the communication between 
the two nerves being effected by a chain of ganglionic nerve-cells in the 
Medulla. This view receives strong confirmation from another series of 
experiments performed by M. v. Kempen, who found that if the supposed 
communication in the Medulla between the two nerves were divided by a 
transverse section carried between their respective origins, irritation of 
the posterior cut surface of the Medulla or of the roots of the Spinal 
Accessory was only followed by movements in the sternomastoid and tra- 
pezius muscles; whilst, when the same irritation was applied to the 
upper extremity of the Medulla or to the roots of the Pneumogastric, 
contractions occurred in the muscles of the pharynx and larynx. Hence 
we may conclude that the Pneumogastric itself contains the motor fibres 
which act on the muscles of the pharynx, oesophagus, and larynx ; although 
it probably receives additional motor fibres from the Spinal Accessory, and 
supplies that nerve with afferent fibres. 

482. There can be no doubt that the trunk of the Pneumogastric is to 
be considered as a nerve of double endowments ; although it is certain 
that these endowments are very differently distributed amongst its 
branches. That the nerve is capable of conveying those impressions 
which become sensations when communicated to the sensorium, is experi 
mentally proved by the fact, that, when its trunk is pinched, the animal 
gives signs of acute pain : but it is also evident from the painful con- 
sciousness we occasionally have, of an abnormal condition of the organs 
which it supplies. Thus, the suspension of the respiratory movements 
gives rise to a feeling of the greatest uneaSness, which must be excited 
by impressions conveyed through this nerve from the lungs ; and an 
inflamed state of the walls of the air-passages causes the contact of cold 
and dry air to produce distressing pain and irritation : yet of the ordinary 
impressions conveyed from these organs, which are concerned in pro- 
ducing the respiratory movements, and in regulating the actions of the 
glottis, we are not conscious. The same may be said of the portion of 
the nerve distributed upon the alimentary tube: for the pharyngeal 
branches are almost exclusively motor, the afferent fimction being per- 
formed by the glosso-pharyngeal ; whilst the cesophageal and gastric are 
both afferent and motor, conveying impressions which excite reflex move- 
ments in the muscles of those parts, but which do not become sensations 
exc^t under extraordinary circumstances. — The participation of this 
nerve in the operations of Deglutition, Digestion, Circulation, and Respi- 
ration, and the effects of injury to its trunk or branches, have already 
been considered in the account of those ftinctions.* 

* For recent observations on the function of the Pneumogastric Nerve as a oo*ordinator 
for the muscular movements occurring in swallowing, see Chauveau, “Journal de la 
Physiol./* tom. v. pp. 190 and 323 ; and for a very careful inquiry into the effeots of sec- 
tion of this nerve in producing pulmonary lesions, see Boddftrt in idem, pp. 442 and 527. 
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483 . In regard to the functions of the Spinal Accessory nerve, also, 
there has been great difference of opinion ; the peculiarity of its origin 
and course having led to the belief, that some very especial purpose is 
answered by it. It may be said to have three roots of origin (Lockhart 
Clarke), one from the anterior grey substance of the Spinal Cord, a second 
from the nucleus of the Hypoglossal nerve, and a third from the tract of 
vesicular substance in the Medulla Oblongata, common to it and the 
Vagus nerve. The trunk contains from 2000 to 2500 tubules. The 
predominance of motor fibres in its roots, its inosculation with the 
Pneumogastric, and its probable reception of sensory fibres from the 
latter, whilst imparting to it motor filaments, have been already referred- to 
(§ 481). As its trunk passes through the foramen lacerum, it divides into 
two branches ; of which the internal, after giving-off some filaments that 
assist in forming the pharyngeal branch of the Pneumogastric, becomes 
incorporated with the trunk of that nerve ; whilst the external proceeds 
outwards, and is finally distributed to the sterno-mastoid and trapezius 
muscles, some of its filaments inosculating with those of the cervical 
plexus. When the external branch is irritated, before it perforates 
the stemo-mastoid muscle, vigorous convulsive movements of that 
muscle and of the trapezius are produced ; and the animal does not give 
any signs of pain, unless the nerve be firmly compressed between the 
forceps, or be included in a tight ligature. Hence it may be inferred 
that the functions of this nerve are chiefly motor, and that its sensory 
filaments are few in number. Further, when the nerve has been cut- 
across, or firmly tied, irritation of the lower end is attended by the same 
convulsive moments of the muscles : whilst irritation of the upper end in 
connection with the spinal cord, after section of the Pneumogastric Nerves 
(§ 481), is unattended with any muscular movement. Hence it is clear 
that the motions in the stemo-mastoid and trapezius muscles, occasioned 
by irritating it, are of a direct, not of a reflex character ; though the 
movements which occur in the laryngeal and pharyngeal muscles, on 
irritation of the centric extifemity, are unquestionably reflex in their 
nature. — According to Sir C. Bell, the Spinal Accessory is a purely 
Kespiratory nerve, whose office it is to excite the involuntary or auto- 
matic movements of the muscles it supplies, which share in the act of 
respiration ; and he states that the division of it paralyzes, as muscles of 
respiration, the muscles to which it is distributed ; though they still per- 
form the voluntary movements, through the medium of the spinal nerves. 
Both Valentin and Dr. J. Keid, however, positively deny that this is the 
case ; and Dr. Reid’s method of experimenting was well adapted to test 
the truth of the assertion.* The functions of this nerve have been made 
the subject of special examination by M. Cl. Bernard ;f who has arrived 

* See his ‘^Physiol., Pathol., and Anat. Researches,” p. 151 ; and “Edinh. Med* and 
Snrg. Jonrn.,” Jan. 1888. 

t *Recherches Exp6rimentales sur les Fonctions du Nerf Spinal,* in “Archives de 
M^decine,’* 1844. — This Memoir, having gained the prize given by the Acad6mie des 
Sciences for experimental physiology in 184 5, has been printed in the “ Recueil des Savants 
strangers,** tom. xl, 1851 ; and the aathor states that since the first publication of his 
researches, he has confirmed his original conclusions by the repetition and variation of his 
experiments. See also M. B6mard*s “Lemons sur la Phys. du Systdme Nerveux,** 
tom. ii. p. 27^^ se^., 1858. 
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at the conclusion that the Spinal Accei^ry is essentially a motor nerve, 
whose action is not exclusively requisite for the ordinary movements of 
respiration, these being provided-for by the Pneumogastric and ordinary 
Spinal nerves; but that its special function is to bring the respiratory move- 
ments into accordance with the requirements of Animal life, adapting the 
actions of the muscles of the larynx and thorax to the production of voicOy 
or to general muscular effort. The internal branch, which is specially 
distributed, with the fibres of the Pneumogastric, to the pharynx and 
larynx, is peculiarly subservient to the former of these purposes ; and the 
external to the latter. This conclusion is sufficiently in accordance with 
the results obtained by other experimenters, to be received as a probable 
explanation of the facts which have been observed by them. 

484. The Hypoglossal nerve, or Motor LingucBy is the only one which, 
in the regular ordei, now remains to be considered. This nerve contains 
from 4500 to 5000 nerve-fibres. That the distribution of this nerve is 
restricted to the muscles of the tongue, is a point very easily established 
by anatomical research ; and accordingly we find that, long before the 
time of Sir C. Bell, Willis had spoken of it as the nerve of the motions of 
articulation, whilst to the Lingual branch of the 5th pair he attributed 
the power of exercising the sense of taste ; and he distinctly stated, that 
the reason of this organ being supplied with two nerves, is its double 
function. The inference that it is chiefly, if not entirely, a motor nerve, 
which has been founded upon its anatomical distribution, is supported 
also by the nature of its origin, which is usually from a single root, cor- 
responding to the anterior root of the Spinal nerves. Experiment shows 
that when the trunk of the nerve is stretched, pinched, or galvanized, 
violent motions of the whole tongue, even to its tip, are occasioned ; and 
also that similar movements take place after division of the nerve, when 
the cut end most distant from the brain is irritated. In regard to the 
degree in which this nerve possesses sensory properties, there is some 
difference of opinion amongst physiologists, founded, as it would seem, on 
a variation in this respect between different animals. Indications of pain 
are usually given when the trunk is irritated after its exit from the 
cranium ; but these may proceed from its free anastomosis with the 
cervical nerves, which not improbably impart sensory fibres to it. But 
in some Mammalia, the hypoglossal nerve has been found to possess a 
small posterior root with a ganglion ; this is the case in the Ox and Cat, 
and also in the Rabbit ; and in the latter animal, Valentin states that 
the two trunks pass-out from the cranium through separate orifices, and 
that, after their exit, one may be shown to be sensory, and the other to 
be motor. Hence, this nerve, which is the lowest of those that originate 
in the cephalic prolongation of the spinal cord generally known as the 
Medulla Oblongata, approaches very closely in some animals to the regular 
type of the spinal nerves ; and though in Man it still manifests an irregu- 
larity, in having only a single root, yet this irregularity is often shared 
by the first cervical nerve, which also has sometimes an anterior root 
only.* — The Hypoglossal nerve is distributed not merely to the tongue, 
but to the muscles of the neck which are concerned in the movement of 
the larynx ; and the purpose of this distribution is probably to associate 

* See Vulpian’s ' Essay on the Posterior or Ganglionic Boot of the Hypoglowial Nerre 
in various Animals,* Journal de la Phymologie,” 1862, p. 5. 
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in &a$0seiians niid^ nwassmy^ far sriic22)s^ speech, Tbovgh 
all tihe motions of the tongue are performed through the medium of this 
nerve, yet it would appear, from pathological phenomena, to have at least 
two distinct connections with the nervous centres ; for in many cases of 
paralysis, the masticatory movements of the tongue are but little afrected, 
when the power of articulation is much injured or totally destroyed ; and 
the converse may be occasionally noticed. When this nerve is paralyzed 
on one side, in hemiplegia, it will be generally observed that the tongue, 
when the patient is directed to put it out, is projected towards the palsied 
side of the face : this is due to the want of action of the lingual muscles 
of that side, which do not aid in pushing-forward the tip ; the point is 
consequently directed only by the muscles of the other side, which will 
not act in a straight direction, when unantagonized by their fellows. It 
is a curious fact, however, that the Hypoglossal nerve seems not to be 
always palsied on the same side with the Facial, but sometimes on the 
other. This has been suggested to be due to the origination of the roots 
of this nerve from near the point at which the pyramids of the medulla 
oblongata decussate, so that some of its fibres come-ofr, like those of the 
spinal nerves, without crossing, whilst others are transmitted to the 
opposite side, like those of the higher cephalic nerves ; and the cause of 
paralysis may affect one or other of these sets more particularly. What- 
ever may be the validity of this explanation, the circumstance is an 
interesting one and well worthy of attention.* 

485. The general homology of the Cephalic nerves, considered 
with reference to the ordinary Spinal, constitutes a study of much 
interest. It appears, from what has been already stated, that the 
Pneumogastric, Spinal Accessory, Glosso-pharyngeal, and Hypoglossal 
nerves, may be considered nearly in the light of ordinary Spinal nerves. 
They aU take their origin exclusively in the Medulla Oblongata ; and the 
want of correspondence in position between their roots and those of the 
Spinal nerves, is readily accounted-for, by the alteration in the direction 
of the columns of the Spinal cord, which not only decussate laterally, but, 
as it were, antero-posteriorly (§ 475). The Hypoglossal, as just stated, 
not imfrequently possesses a sensory in addition to its motor root. The 
Glosso-pharyngeal, which is principally an afferent nerve, has a small 
motor root ; but most of the motor fibres which answer to it are to be 
found in the Pneumogastric. That the Pneumogastric and Spinal Ac- 
cessory together represent a Spinal nerve, may be regarded as probable 
from what has been already said of their relations. — Leaving these nerves 
out of the question, therefore, we proceed to the rest. Comparative 
anatomy, and the study of Embryonic development, alike show that the 
Spinal Cord and Medulla Oblongata constitute the most essential part of 
the nervous system in Vertebrata; and that the Cerebral Hemispheres 
are superadded, as it were, to this. At an early period of development, 
the Encephalon consists chiefly of four vesicles, which correspond with the 
ganglionic enlargements of the nervous cord of the Articulata, and mark four 

* It may be questioned, however, whether the Hypoglossal is really paralyzed on the 
opposite side from the Facial in such cases. An instance has been communicated to the 
Author by Dr. W. Budd, in which the hypoglossal nerve was completely divided on one 
side ; and yet the tip of the tongue, when the patient was desired to put it out, was 
sometimes directed from and sometimes towarda the palsied side ; showing that the 
muscles of either half are sufficient to give any required direction to the whole. 
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divisionB of the Cerebro-Spinal axis ; and, in accordance witb this view, 
the Osteologist is able to trace, in the bones of the cnunnnii elements which 
present an analogy to those that would form four verldbrsB, in a much ex* 
panded and altered condition. The four pairs of nerves of special sensation, 
— ^Auditory, Gustatory, Optic, andOlfectory, — make their way out through 
these four cranial vertebras respectively. At a later period of developm^ 
other nerves are interposed between these ; which, being intervertebral^ are 
evidently more analogous to the Spinal nerves, both in situation and func- 
tion. A sepiration of the primitive fibres of these takes place, however, 
during the progress of development, so that their distribution appears irre- 
gular. Thus the greater part of the sensory fibres are contained in the large 
division of the Trigeminus ; whilst of the motor fibres, the anterior set 
chiefly pass forward as the Oculo-motor and Patheticus; and of the pos- 
terior, some form the small division of the Trigeminus, and others unite 
with the first pair from the Medulla Oblongata to form the Facial. This 
last fact explains the close union which is found in Fishes and some 
Amphibia, between that nerve and those proceeding more directly from 
the Medulla Oblongata. According to Valentin, the Glosso-pharyngeal 
is the sensory portion of the first pair from the Medulla Oblongata, of 
which the motor part is chiefly comprehended in the Facial nerve. 
Although we are accustomed to consider the Fifth pair as par eminence 
the Spinal nerve of the head, the foregoing statements, founded upon the 
history of development,* show that the nerves of the Orbit really belong to 
its motor portion ; they may consequently be regarded as altogether form- 
ing the first of the intervertebral nerves of the cranium. The Facial and 
Glosso-pharyngeal appear to constitute the second ; whilst the Par Vagum 
and Spinal Accessory, forming the third pair, intervene between this and 
tlie true Spinal, of which the Hypoglossal may be considered as the 
first. 

486. Functions of the Spinal Axis, — ^In considering the functions of the 
Spinal Cord, we have to regard it under two aspects ; — in the first place, 
as a conductor of nervous force between the Nerve- trunks and the Ence- 
phalic centres ; — and in the second place, as itself an independent centre 
of nervous power. As a mere conductor of nervous force, its functions 
are the same as those of a nerve-trunk ;f for if it be divided, all the parts 
of the body which are solely supplied by nerves coming-off below the 
point of section are completely paralyzed, as far as regards sensibility 
and voluntary movement ; no impressions made upon Saem having the 
least power to affect the consciousness, and no exertion of the will being 
able to determine contraction of their muscles. This state of paraplegia,^ 
which may be experimentally induced in animals, is frequently exhibited 
in Man as a result of injury or of disease which serioudy implicates the 
Spinal Cord ; and as it has been shown that among the lower animals 
complete reunion of the Cord may take place after complete division, as 
indicated by the entire restoration of its functional powers and the com* 

* On this point, as well as on the functions of the Cephalic nerves generally, see Prof» 
Valentin, **De Functionibus Nerrorum Cerebralium et Nervi Sympathici,” BemsB, 
1839. 

f Valentin (''Die Zuckungsgesetze des lebenden Nerven und Muskels,** 1868, p. 86) 
observes that the whole Spinal Cord behaves like a large nerve on applying electrical 
stimulation to it, though its irritability is very rapidly exhausted. 
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plete redintegration of its structure,* so have we reason to believe that a 
Bimilar regeneration may take place to a considerable extent in Man, this 
being marked by the gi^ual return of sensibility and power of voluntary 
movement in the lower limbs which had been at first completely para- 
lyzed. This regeneration is of course less likely to occur in cases of 
disease, when the parts around are in an unhealthy state, than when the 
paralysis is due to injury, which all the restorative powers of the system 
are engaged in repairing ; but it is to be remembered, that as the injuries 
which are likely to cause such lesions of the Cord are nearly always 
attended with severe concussion (it being very rare for the Cord to be 
accidentally wounded by the penetration of a sharp instrument between 
the vertebras, in the mode in which experiments are made upon animals), 
some of their first effects are attributable to the shock which it has sus- 
tained ; so that the partial recovery which takes-place at an early period, 
must not be regarded as the result of regeneration of nervous tissue, 
which requires a much longer time for its completion. — The conducting 
power of the entire Spinal Cord being thus established, we have next to 
inquire whether any difference in endowment can be shown to exist in 
its several columns. 

487, The Spinal Cord considered as a Conductor of Sensory Impres- 
sions , — The accuracy of the description given by Mr. Lockhart Clarke 
(§ 469) of the course pursued by the fibres of the posterior roots of the 
Spinal nerves, has been materially corroborated by the experiments of 
M. Brown- S^quardf and many other physiologists. Considerable dif- 
ferences of opinion, however, still exist on various points, which require 
to be cleared-up by future investigation. According to M. Brown- 
S^quard, all the fibres of the posterior roots, either immediately or after 
a short ascending or descending course, cross the median line, and enter 
the grey substance of the opposite side, in which they ascend to the 
Medulla Oblongata (see p r, Fig. 120). As a consequence of this, if a 
section be made through one half of the Cord (as at 3), it follows that 
whilst the sensibility of that side of the body which corresponds to the 
section will remain perfect, that of the opposite side, will be wholly 
destroyed ; or if, as occasionally happens, some indications of sensibility 
still persist, they are attributable only to the pain occasioned by reflex 
muscular conviilsions on that side.J And again, it is obvious that if a 
longitudinal section of the Cord be made, dividing it into two lateral 
halves, sensibility will be totally extinguished on both sides of the body ; 
for such a section would obviously divide all the sensory nerves entering 
Ihe Cord, as they all decussate in the median line. According to M. 
Brown- S^quard, this is actually the result obtained. Other observers, 
however, as Or^,§ Longet,|| and Schiff,^ though admitting there is great 
diminution of sensibility after a longitudinal division of the Cord, yet 
maintain that distinct evidence of the conduction of sensory impressions 
may still be obtained ; and it seems probable from their experiments, that 

* See the admirable researches of M. Browii-S4quard, in “Gazette M6dicale,'* 1849, 
No. 45, and 1850, No. 80 ; also the **Comptes Rendus de la Soci6t6 de Biologie,” 1849, 
1850. 

t ‘‘Central Nervous System,*' 1860. X Op. cit., p. 35. 

§ “Comptes Bendus/* tom. xxxviii. 1854, p. 980 ; “ Comptes Rendus de la Soci6t4 de 
Biologie,” v. p. 802. 

11 “Physiologie,’* 1860, voh ii. p. 878. ^ “ Physiologie,** 1859, p. 274. 
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some few fibres may ascend in the grey substance, or in the posterior 
white columns of their own side. Perhaps the discrepancies in the results 
of the operation are due to different animals having been employed for 
experiment ; for M. Brown- S^quard has himself observed that the decus- 
sation of the sensory fibres is neither so complete nor immediate in Reptiles 
and Birds as in Mammals, and that it does not seem to be so perfect in the 
lumbar as in the dorsal region.* There can be little doubt that the grey 
substance is essentially the channel through which sensory impressions 
are conducted upwards ; for if the anterior, posterior, and antero-lateral 
columns are divided as completely as possible, the grey substance remain- 
ing uninjured, the sensibility of the parts below the section continues 
perfect, or nearly so ; j* whilst, however carefully the white columns are 
preserved from injury, if the grey substance be divided, sensibility is 
almost totally extinguished. It is remarkable, however, that the smallest 
longitudinal column or transverse layer of 
the grey substance remaining perfect may 
serve, to a certain limited extent, as the 
means of conduction for either side. The 
central portions of the grey substance are, 
as M. Brown- S(^quard has shown, the 
most effective in the transmission of sen- 
sations ; much more so, at all events, than 
either the anterior or posterior cornua. 

The circumstance that if the posterior 
white columns be divided, the surface of 
the caudal segment of the cord is as sen- 
sitive or even more sensitive than that of 
the cephalic segment, is explained by M. 

Brown- S^quard on the ground that some 
of the sensory fibres of the posterior 
roots descend for a little way in these and MeduUa Oblongata, 
columns before crossing to the oppo- 
site side ; whilst Schiff appears to consider that it is attributable to 
the power he believes the grey substance (some of which must always 
be exposed in such sections) to possess of conducting in any direction, 
laterally as weU as longitudinally. M. Brown- S^quard has, however, 
adduced very strong evidence in favour of there being fixed channels for the 
conduction of sensory impressions, the presence of some of which cannot 
compensate for the absence of others ; indeed, he maintains that there are 
special conductors in the Spinal Cord for the sensations of touch, pain, tem-» 
perature, and muscular contraction, none of which can convey other sensa- 
tions than their own. Notwithstanding its singular power of conducting 
sensory impressions, numerous experiments have shown that the grey sub- 
stance of the Spinal Cord is itself insensible ; a peculiarity which Schiff 
has expressed by terming it the ‘ sssthesodic’ § substance. The slight amount 
of sensibility which persists when the grey substance is wholly destroyed at 
any point, may perhaps be due, as Schiff || maintains, to the passage of some 
sensory fibres in the posterior columns ; though, if this be true, they only 
conduct the fibres belonging to their own side of the body ; or it may be 

* Op. dt., p. 87. t Schiff, Op. oit., p. 241. t Op. dt, p. 247. 

§ Fmm aivOrjaief seiusatioii, and odbe, a path. )) Op. dt., p. 262, 


Fia. 120. 
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duo, asM. Brown-S4quard maintains,* to the passage of a few fibres in the 
anterior and antero-lateral white columns, derived from the opposite side 
of the body. — very remarkable result of section of one half of the 
Spinal Cord is that, besides the anaesthesia which is established on the 
opposite side of the body, there is produced a state of exalted sensibility 
or hypereesthesia on the same side.f This condition, made apparent by 
the cries of the animal on the slightest pricking or pinching of the skin, 
begins to appear a few hours after the operation, rapidly attains its full 
intensity, and continues to be well marked for from 17 to 22 days in dogs, 
and from 12 to 16 days in cats; after which, according to Schiff,| it 
gradually decreases, until at length the sensibility falls below its normal 
acuteness. M. Brown- S^quard has however observed it to persist in 
guinea-pigs, though not in a very high degree of intensity, for many months 
after the operation. The cause of this phenomenon has not been accu- 
rately determined. It is certainly accompanied by an increased flow of 
blood and increased temperature of the parts to which the nerves are dis- 
tributed, and hence M. Brown-S4quard seems to regard it as having a 
peripheric origin ; whilst Schiff considers it rather as the result of irri- 
tation (as from the inflammatory process) occurring at the seat of injury: 
the latter view is supported by the observation of Chauveau, that it will 
sometimes ensue in cases when the vertebral canal has merely been opened, 
apparently as a consequence of the exposure and pressure of the Cord 
against the edges of the wound ; and also by that of Turck, that hyper- 
sesthesia may sometimes be observed in frogs on the same side of the body 
above the section. Hypersesthesia may also be produced by section of the 
anterior or posterior columns alone. § 

488. The Cord as a Conductor of Motor Impulses » — However difficult 
it may be to determine the exact channels by which sensory impressions 
are conveyed through the Spinal Cord, the present inquiry seems to be 
beset with still greater imcertainty. From the experiments of Brown- 
S^quard, it appears that the posterior white columns at least take no part 
in the transmission of such impulses ; for if these be divided transversely 
in the dorsal region, no perceptible diminution of voluntary motion occurs; 
whilst if the whole Spinal Cord is divided with the exception of these 
columns, the power of voluntary movement appears to be completely 
abolished. The results obtained by various experimenters show that the 
anterior and antero-lateral columns contain motor tracts, as was originally 
held by Sir Charles Bell ; for if all the grey substance and the posterior 
columns be divided, the animal can still perform voluntary movements ; 
whilst if at a higher level the anterior columns alone be also severed, 
leaving the remaining portions of the Cord untouched, movement is wholly 
lost. If, however, in the lower section the anterior cornua of the grey sub- 
stance be left, and the section above be again made only through the white 
anterior columns, movements can stiU be spontaneou^y executed. || Con- 
siderable differences, however, undoubtedly exist in the position of the 
motor tracts in different parts of the Spinal Cord; and M. Brown- S^quardT 
concludes from his numerous experiments on the effects of section, that 
whilst, in the dorsal region^ all parts of the Spinal Cord except the poste- 

* Op. cit., p. 23. 

+ 8^ Brown-S^qnard, ** Central Nervous System,” 1860, p. 19. 

X Op. cit., p. 276. § Schiff, Op. cit., p. 274. 

il Sdiiff, Op. cit., p. 283. ^ Op. cit., p. 46. 
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rior columns are employed in the conveyance of the orders of the Will 
to the muscles, in the upper part of the cervical region most of these con- 
ductors are in the lateral columns, and in the grey substance between these 
and the anterior columns, the latter here having little share in the trans- 
mission of such impulses. The same observer has satis&ctorily shown that 
the fibres which transmit motor impulses decussate almost exclusively at the 
lower part of the Medulla Oblongata. (See a r, Fig. 120.) Hence, if a section 
of one-half of the Spinal Cord be made (as at 3, Pig. 120), loss of movement 
on the same side occurs, in consequence of the division of the ascending 
motor fibres (a r) from the anterior roots; whilst if the section be made at 
the level of the decussation of the anterior pyramids (as at 2), paralysis 
of the muscles of both sides is produced; lastly, if a section be made a 
little higher (as at 1), paralysis of the muscles of the opposite side results. 
Numerous fibres belonging to the anterior roots undoubtedly decussate 
throughout the greater part of the Spinal Cord ; but these are probably des- 
tined, as suggested by Brown- S4quard, to be channels for the conveyance 
of reflex actions. Schiff proposes the term ‘‘ kinesodic* substance” for the 
material by which motor impulses are conveyed along the Spinal Cord, on 
the ground that when directly stimulated the movements performed are few 
and imperfect; and he appears to think that as with the “asthesodic sub- 
stance,” so with the ‘^kinesodic substance,” the smallest portion is 
capable of transmitting motor impulses in any direction. M. A. Chauveau 
appears to agree with Schiff in this respect : for he observesf that under 
ordinary circumstances neither motion nor sensation can be produced 
(except in one or two points) by direct stimulation of the Spinal Cord ; 
that the antero-lateral columns are quite inexcitable, both on their surfiice 
and in their deeper parts, whether composed of white or grey substance ; 
that the posterior columns, on the contrary, are very sensitive on their 
surface, but, like the former, do not respond to impressions made in their 
substance ; that by their reaction upon direct irritation, pain and reflex 
movements are produced when the Cord is in connection with the Brain, 
but as reflex movements alone when the Cord is divided ; that reflex 
movements are the only movements that can be produced by direct irri- 
tation of the substance of the Cord, since the irritation is not limited to 
special muscles, but appears to be propagated as a motor impulse both 
upwards and downwards through the Spinal Cord, so as to implicate 
muscles above and below the parts irritated; and lastly, he observes 
that it is incorrect to speak of an anterior motor and posterior sensory 
part of the Cord, since these properties are not localized in special tracts. 
The researches of Van DeenJ led on the whole to the same conclusions; 
and tended, in his opinion, to show that the conducting power both of the 
anterior and posterior columns was very imperfect, if their white strands 
were completely separated from their grey matter. His experiments con- 
clusively established that the grey matter, as well as the white, possessed 
conducting powers ; additional evidence of which is derived firom the cir- 
cumstance, that it contains a large amount of the fibrous form of nerve- 
tissue, and that the commissural connection between the two lateral 
halves of the Cord is established (according to Mr. J. L. Clarke) by its 
grey substance alone. 

* From KlvfjtTic, motion, and a path. 

f Brown-S6qiiard’» “Joum. do la Physiol.,” 1861, tom. iv. p. 869. 

t ** Trait^s and DSconvertes snr la Physiologie et la Mobile ^inidre,” Leide, 1841, 
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489. We have now to consider the Spinal Cord as an independent 
centre of nervous power, and to inquire whether the movements which are 
excited through its ‘ reflex’ activity necessarily involve sensation. These 
movements are most characteristically displayed, when the Spinal Cord is 
cut-ofF from communication with the higher Nervous centres ; probably 
rather because the nerve-force excited by the impression reacts through 
the Spinal ganglion to which it is conveyed, when it can no longer pass- 
on to the Encephalic centres (§ 440), than because (as some suppose) the 
impulse to reflex movement is ordinarily neutralized and rendered inope- 
rative by an effort of the Will. It is true that those reflex actions of the 
Spinal Cord which are necessary to the maintenance of Organic life, and 
which are equally performed whether the Spinal axis be in communica- 
tion with the higher Encephalic centres or not, are continually modified 
or temporarily suspended by the Will; but this is only when we con- 
sciously bring the Will to bear upon them ; and it is no less certain that 
we are not continually making any such exertions, in order to antagonize 
movements, which (as we learn from Pathological evidence*) would be 
continually excited but for this neutralizing influence, if such a doctrine 
were correct. — The readiest demonstration of the independent power of 
the Spinal Cord, is derived from the motions exhibited by the limbs of 
animals, when irritation is applied to them after section of the Spinal 
Cord at some point above the entrance of their nerves ; the fact that these 
movements are reflected through the Cord, and are not the product of 
direct stimulation applied to the part irritated, being shown by their com- 
plete cessation when the nerve-trunks are divided, or the substance of the 
Spinal Cord is broken-down. Thus, if a frog be decapitated, its body re- 
mains supported on its limbs in the usual position, and will recover this 
if it be disturbed; irritation of the feet will cause it to leap; and tickling 
the cloaca with a probe will excite efforts to push away the instrument. f 

* See, for example, the case of ‘ Softening of the Spinal Marrow,’ recorded by Dr. Naime 
in the “Med.-Chir. Trans.,” vol. xxxiv. ; in which a portion of the Cord at least an inch 
long, situated opposite the third and fourth dorsal vertebrae, was “so soft that the slightest 
pressure of the finger broke it up,” being nearly in a fluid state through its whole thick- 
ness ; yet the patient felt pain in his lower limbs, showing that the power of upward 
transmission remained ; and although he had lost all Voluntary control over the muscles of 
the lower part of the body, yet they were affected with incessant choreic movement (which, 
as will be shown hereafter. Sect. 8, appears to originate in the Sensory Canglia), and these 
movements were affected in such a marked manner by emotions^ as plainly to indicate a 
downward transmission of motor power. 

+ It has been pointed- out by Messrs. Todd and Bowman (“Physiological Anatomy,” 
vol. i. p. 316), that the Spinal Cord of the male frog, at the season of copulation, naturally 
possesses a state of most extraordinary excitability. The thumb of each anterior extremity 
at this season becomes considerably enlarged; as is well known to Naturalists. “This 
enlargement is caused piincipally by a considerable development of the papillary structure 
of the skin which covers it ; so that large papillae are formed all over it. A male frog, 
at this season, has an irresistible propensity to cling to any object, by seizing it between 
his anterior extremities. It is in this way that he seizes upon, and clings- to the female; 
fixing his thumbs to each side of her abdomen, and remaining there for weeks, until the 
ova have been completely expelled. An effort of the Will alone could not keep up the 
grasp uninterrupte^y for so long a time ; yet so firm is the hold, that it can with difB- 
oulty be relaxed. Whatever is brought in the way of the thumbs, will be caught by the 
forcible contraction of the anterior limbs ; and hence we often find frogs clinging blindly 
to a piece of wood, or a dead fish, or some other substance which they may chance to meet 
with. If the finger be placed between the anterior extremities, they will grasp it firmly; 
nor will they relia their grasp until they are separated by force. If the animal be deca- 
pitated whilrt tke finger is within the grasp of its anterior extremities, they still continue 



FUNCTIONS OF THE SPINAL CORI>. 


525 


It is to be observed that a slight irritation applied to the peripheral extre- 
mities of the afferent nerves, is a more powerful excitor of reflex action, 
than a much stronger impression, which ocgasions acute pain, applied to 
their trunks; thus Mr. Grainger found that he could remove the entire 
hind leg of a Salamander with the scissors, without the creature moving, 
or giving any expression of suffering, if the Spinal Cord had been flrst 
divided ; yet that by irritation of the foot, especially by heat, in an ani- 
mal similily circumstanced, violent convulsive actions were excited in 
the legs and tail. This fact is important, not only as showing the com- 
paratively-powerfiil effect of impressions upon the cutaneous surface, but 
also as proving how little relation the amount of reflex action has to the 
intensity of sensation. 

490. That the movements executed by the limbs of the lower animals, 
when these are no longer connected by the Spinal Cord with the Ence- 
phalon, but remain in nervous connection with the Cord itself, do not 
take place through the intermediation of sensation, might be supposed to 
be sufficiently proved by the simple fact, that division of the Cord in 
Man, and hence by inference in the lower animals, reduces the parts 
below to a state of complete insensibility. But, on the other hand, the 
very performance, by decapitated animals of inferior tribes, of actions 
which had not been witnessed in Man under similar circumstances, has 
been held to indicate, that the Spinal Cord in them has an endowment 
which Ms does not possess. The possibility of such an explanation, 
however unconformable to that analogy throughout organized nature, 
which, the more it is studied, the more invariably is found to guide to 
truth, could not be disproved. Whatever experiments on decapitated 
animals were appealed-to, in support of the doctrine that the Encephalon 
contains the only seat of sensibility, could be met by a simple denial that 
the Spinal Cord is everywhere as destitute of that endowment as it appears 
to be in Man. The cases of profound Sleep and Apoplexy might be cited 
as examples of reflex action without consciousness ; but these have been 
met by the assertion, that in such conditions, sensations are felt^ though 
they are not remembered. It is difficult, however, to apply such an ex- 
planation to the case of Anencephalous human infants (in which all the 
ordinary reflex actions have been exhibited, with an entire absence of 
brain), without supposing that the Medulla Oblongata is the seat of a sen- 
sibility which we know that the lower part of the Spinal Cord does not 
possess ; and of this there is no evidence whatever. — Experiments on the 
lower animals, then, and observation of the phenomena manifested by 
apoplectic patients and anencephalous infants, might lead to the conclusion, 
that the Spinal Cord does not itself possess sensibility, and that its reflex 
actions are independent of sensation. At this conclusion, Unzer, Pro- 
chaska, Sir G. Blane, Flourens, and other physiologists had arrived ; but 
it was not until special attention was directed to the subject by Dr. M- 
Hall, that facts were obtained by which a positive statement of it could 

to hold-on firmly. The posterior half of the body may be cut away, and yet the anterior 
extremities will still cling to the finger ; but immediately that the segment of the Cord, 
from which the anterior extremities derive their nerves, has been removed, all their motion 
ceases. This carious instinot only exists during the period of sexual excitement ; for at 
other periods the excitability of the anterior extremities is considerably lest ikm that 
the posterior.” 
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be supported. For the question might have been continually asked, — It 
the Spinal Cord in Man be precisely analogous in function to that of the 
lower Vertebrata, why are npt its reflex phenomena manifested, when a 
portion of it is severed from the rest by disease or injury ? The answer 
to this question is twofold. In the first place, simple division of the cord 
with a sharp instrument leaves the separated portion in a state of much 
more complete integrity, and therefore in a state much more fit for the 
performance of its peculiar functions, than it ordinarily is after disease or 
violent injury ; and as the former method of division is one with which 
the Physiologist is not likely to meet in Man as a result of accident, and 
which he cannot experimentally put in practice, the cases in which reflex 
actions would be manifested are likely to be comparatively few. But, 
secondly, a sufficient number of such instances have now been accumu- 
lated, to prove that the occurrence is by no means so rare as might have 
been supposed ; and that nothing is required but patient observation, to 
throw a great light on this interesting question from the phenomena of 
disease. A most valuable collection of such cases, occurring within his 
own experience, has been published by Dr. W. Budd;* and the leading 
facts observed by him will be now enumerated. 

491. In the first case, Paraplegia was the result of angular distortion of 
the spine in the dorsal region. The sensibility of the lower extremities 
was extremely feeble, and the power of voluntary motion was almost 
entirely lost. When, however, any part of the skin is pinched or 
pricked, the limb that is thus acted-on jumps with great vivacity ; the 
toes are retracted towards the instep, the foot is raised on the heel, and 
the knee so flexed as to raise it off the bed ; the limb is maintained in 
this state of tension for several seconds after the withdrawal of the 
stimulus, and then becomes suddenly relaxed.” “ In general, while one 
leg was convulsed, its fellow remained quiet, unless stimulus was applied 
to both at once.” ‘‘ In these instances, the pricking and pinching were 
perceived by the patient ; but much more violent contractions are excited 
by a stimulus, of whose presence he is unconscious. When a feather is 
passed lightly over the skin, in the hollow of the instep, as if to tickle, 
convidsions occur in the corresponding limb, much more vigorous than 
those induced by pinching or pricking ; they succeed one another in a 
rapid series of jerks, which are repeated as long as the stimulus is main- 
tained.” “ Wlien any other part of the limb is irritated in the same way, 
the convulsions which ensue are very feeble, and much less powerful than 
those induced by pricking or pinching.” “ Convulsions, identical with 
those already described, are at all times excited by the acts of defecation 
and micturition. At these times, the convulsions are much more vigorous 
than under any other circumstances, insomuch that the patient has been 
obliged to resort to mechanical means to secure his person while engaged 
in these acts. During the act of expulsion, the convulsions succeed one 
another rapidly, the urine is discharged in interrupted jets, and the passage 
of the faeces suffers a like interruption.” The convulsions are more 
vigorous, the greater the accumulation of urine ; and involuntary con- 
tractions occur whenever the bladder is distended, and also when the 
desire to relieve the rectum is manifested. “ In all these circumstances. 


* ^^Medioo-Chlrorgical TranBactions,” vol. xxii. 
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the convulsions are perfectly involuntary ; and he is unable, by any effort 
of the will, to control or moderate them.” This patient subsequently 
regained, in a gradual manner, both the sensibility of the lower extremi- 
ties, and voluntary power over them ; and as voluntary power increased, 
the susceptibility to involuntary movements diminished, as did also their 
extent and power. — This case, then, exhibits an increased tendency to 
perform reflex actions, when the control of the Brain was removed ; and 
it also shows that a slight impression upon the surface, of which the 
patient was not conscious, was more eiflcacious in exciting reflex move- 
ments, than were others that more powerfully affected the sensory organs. 
— ^It should be added that, in the foregoing case, the nutrition of the 
lower extremities was not impaired, as it is in most cases of paraplegia ; 
the rationale of this phenomenon, which is to be constantly observed 
when the reflex actions of the part remain entire, will be understood by 
reference to §§ 342, 500. 

492. In another case, the paralysis was more extensive, having been 
produced by an injury (resulting from a fall into the hold of a vessel) at 
the lower part of the neck. There was at first a total loss of voluntary 
power over the lower extremities, trunk, and hands ; slight remaining 
voluntary power in the wrists, rather more in the elbows, and still more 
in the shoulders. The intercostal muscles did not participate in the 
movements of respiration. The sensibility of the hands and feet was 
greatly impaired. There were retention of urine, and involuntary evacu- 
ation of the faeces. Recovery took place very gradually ; and during its 
progress, several remarkable phenomena of reflex action were observed. 
At first, tickling one sole excited to movement that limb only which 
was acted-upon ; afterwards, tickling either sole excited both legs, and, 
on the 26th day, not only the lower extremities, but the trunk and upper 
extremities also. Irritating the soles, by tickling or otherwise, was at 
first the only method, and always the most efficient one, by which con- 
vulsions could be excited. From the 26th to the 69th day, involuntary 
movements in all the palsied parts continued powerful and extensive, 
and were excited by the following causes : in the lower extremities only, 
by the passage of flatus from the bowels, or by the contact of a cold 
urinal with the penis ; convulsions in the upper extremities and trunk, 
attended with sighing, by plucking the hair of the pubes. On the 41st 
day, a hot plate of metal was applied to the soles, and was found to be a 
more powerful excitor of movement than any before tried. The move- 
ments continued as long as the hot plate was kept applied ; but the same 
plate, at the common temperature, excited no movements afler the first 
contact. Though the contact was distinctly felt by the patient, no sensa- 
tion of heat was perceived by him, even when the plate was applied hot 
enough to cause vesication. At three different intervals, the patient took 
one-eighth of a grain of strychnia three times a day. Great increase of 
susceptibility to involuntary movements immediately followed, and they 
were excited by the slightest causes. No convulsions of the upper extre- 
mities could ever be produced, however, by irritating their integument; 
though, imder the influence of strychnia, pulling the hair of the head 
or tickling the chin would occasion violent spasmodic actions in them. 
Spontaneous convulsions of the palsied parts, which occurred at other 
times, were more frequent and more powerful after the use of strychnia. 
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On die first return of voluntary power, the patient was enabled to 
restrain in some measure the excited movements ; but this required a 
distinct effort of the will; and his first attempts to walk were curiously 
affected by the persistence of the susceptibiHty to excited involuntary 
movements. When he first attempted to stand, the knees immediately 
became forcibly bent tmder him ; this action of the legs being excited by 
contact of the soles with the ground. On the 95th day this effect did 
not take place until the patient had made a few steps ; the legs then 
had a tendency to bend-up, a movement which he counteracted by rubbing 
the surface of the belly ; this rubbing excited the extensors to action, 
and the legs became extended with a jerk. A few more steps were 
then made, the manoeuvre was repeated, and so on. This susceptibility 
to involuntary movements from impressions on the soles gradually 
diminished ; and on the 141st day the patient was able to walk about, 
supporting himself on the back of a chair which he pushed before him ; 
but his gait was unsteady, and much resembled that of chorea. Sensation 
improved very slowly : it was on the 53rd day that he first slightly 
perceived the heat of the metal plate. — Now in this case, the abolition 
of common sensation was not so complete as in the former instance ; but 
of the peculiar kind of impression which was found most efficacious in 
exciting reflex movements, no consciousness whatever was experienced. 
Not less interesting was the circumstance, that convulsions could be 
readily excited by impressions on surfaces above the seat of injury : as, 
by pulling the hair of the scalp, a sudden noise, and so on. This proves 
two important points : first, that a lesion of the Cord may be such as to 
intercept the transmission of voluntary influence, and yet may allow the 
transmission of that reflected from incident nerves. Secondly, that all 
influences from impressions on incident nerves are diffused through the 
Cord ; for, in the instance adduced, the reflected influence was undoubtedly 
not made to deviate into the cord by the morbid condition of that organ, 
but followed its natural course of diffusion, being rendered manifest 
in this case by the convulsions which were excited, in consequence of 
increased activity of the motor function of the cord. It is further 
interesting to remark, that, in the foregoing case, the reflex actions were 
very feeble during the first seven days, in comparison with their subse- 
quent energy ; being limited to sHght movements of the feet, which could 
not always be excited by tickling the soles. (In another case of very 
similar character, it was three days after the accident, before any refiex 
actions could be produced.) It is evident, then, that the Spinal Cord must 
have been in a state of concussion, which prevented the manifestation of 
its peculiar functions, so long as this effect lasted ; and it is easy, there- 
fore, to perceive, that a still more severe shock might permanently destroy 
its power, so as to prevent the exhibition of any of the phenomena of 
reflex action. 

493. So many cases of this kind have now occurred, that it may be 
considered as a demonstrated fiict, that the Spinal Cord, or insulated 
portions of it, may serve in Man, no less than in the lower animals, as 
the centre of very energetic reflex actions, when the Encephalic power 
which ordinarily operates through it is suspended or destroyed, or when 
it is prevented from influencing the Spinal nerves by such an injury to 
the Cord above their points of connection with it, as prevents the trans- 
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mission of nervous polarity : and it is flirtlier evident that these move- 
ments are not more dependent upon Sensation than they are upon the 
Will, since they may be excited without the consciousness of the indi- 
vidual, even when this is fully directed to the part.* And we thus have 
adequate ground for the assertion, that the movements which may be 
called-forth by stimulation in the states of profound Sleep or Coma, are 
not to be held to indicate that conscious sensation is even momentarily 
excited ; since we know that the reflex power of the Spinal Cord may be 
called into action by impressions which do not travel onwards to the 
sensorium, or which are powerless to affect the consciousness even when 
they arrive there. These abnormal reflex actions of the Spinal Cord of 
Man, though often powerful, have much less regularity and apparent 
purposiveness^ihsiXi have the movements executed by the lower Vertebrata 
(as the Frog, § 489) after decapitation or section of the cord ; the latter 
approaching, in respect to these qualities, to the reflex movements of Articu- 
lated animals — as is well seen in the following experiment, which is much 
relied on by those who hold that the Spinal Cord is the seat of sensorial 
functions. I If a frog be decapitated and acetic acid be applied over 
the internal condyle of the femur, the animal will wipe away the 
acid with the foot of the same side ; but if this be cut off, after some 
ineffectual efforts and a short period of hesitation, it will perform the 
same action with the foot of the opposite side. It must not hence be 
inferred, however, that there is any essential difference in the endow- 
ments of the Spinal Cord, between Man and the lower animals ; or that 
any psychical agency exists in the latter case, which is wanting in the 
former. We have already seen that the existence of even the most 
perfectly -adapted combination of different muscular actions, all obviously 
bearing upon a definite object, cannot in itself justify our attributing this 
combination to design or voluntary choice on the part of the organism 
that executes it (§ 430) ; whilst, on the other hand, to remove these 
movements in any case from the category of automatic actions, would be 
to assign to the Spinal Cord a power of consciously selecting and directing 
them, such as we have every reason for believing to be limited to the 
higher parts of the Cerebro-Spinal centres. Now the very uniformity of 
the movements in question, or the slight variation in effect which has 
been observed to follow the application of different stimuli, is itself an 
indication that they do not proceed from any purposive choice, but 
depend upon the special endowments of those centres of reflex action, 
whence the impulses that call them forth immediately issue to the nerves : 

* The Author is informed by his friend Mr. Paget, that among the notes left by John 
Hunter (which furnished some of the materials for the admirable Catalogue of the Patho- 
logical portion of the Hunterian Museum drawn*up by Mr, Paget), there was the record 
of a case of paraplegia, in which it appeared that Hunter had witnessed reflex morements 
of the legs in which sensation did not participate. When the patient was asked whether 
he felt the irritation by which the motions were excited, he signiflcantly replied — glancing 
at his limbs, — “No, Sir; but you see my legs do.” 

i* See Pfluger, “Die sensorischen Functionen des Eiickenmarks, ” Berlin, 1868; see aleo 
an able review in the “Med.-Chir. Review” for Jan. 1864, in which the above experiment 
is quoted. The doctrine of the independent volitional as well as sensorial power of the 
Spinal Cord is ingeniously sustained in Mr. G, H. Lewes’s “Physiology of Common lafe,'* 
vol. il ; whilst the opposite side is taken in a review upon that work contained in the 
“Med.-Chir. Review,” vol. xxvi., 1860, p. 423. 
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tuid hence the more marked adaptiveness of the reflex actions performed 
by many of the lower tribes of animals, can only be held to indicate that 
a larger share of such adaptation is effected in them by what may be 
termed the mechanism of their nervous centres, and that less is left to 
voluntary choice and direction, which can only be safely trusted where a 
considerable amount of intelligence exists to guide it ; — a conclusion which 
accords well with what has been already stated, respecting the structural 
differences that seem to exist between the Spinal Cord of Man, and that 
of the inferior Vertebrata (§ 473). A peculiar condition described by 
Schiff* as Analgesia may here be alluded-to. It consists in the retention 
of the capability of perceiving sensations of touchy though the most severe 
injuries to nerves produce no sensations of pain. This condition may be 
induced, according to Schiff, by division of the whole Spinal Cord with the 
exception of the posterior columns, also by rapid abstraction of blood ; and 
it may be observed in the early stages of the administration of ether or 
chloroform. It seems to be questionable, however, whether this is not 
rather to be considered as a state of blunted common sensibility. 

494. The endowments of the Medulla Oblongata do not seem to differ 
from those of the Spinal Cord in any other respect, than in the speciality 
of the reflex movements to which it ministers. This part of the Cranio- 
Spinal Axis has been regarded by some Physiologists, indeed, as the 
peculiar seat of vitality ; since, although the other Encephalic masses 
may be withdrawn from above, and nearly the whole of the Spinal Cord 
may be removed from below, without the destruction of life, yet a com- 
plete stop is put to the current of vital action when the Medulla 
Oblongata is destroyed. But the dependence of the vital activity of the 
body generally upon the functional integrity of this part of the nervous 
system, is simply consequent upon the fact that the Medulla Oblongata 
contains the chief ganglionic centre of the Eespiratory movements ;f upon 
the continuance of which, as already shown (chap. vii. Sect. 3), the con- 
tinuance of the Circulation is dependent, and with this, the maintenance 
of the Organic functions generally. A strong confirmation of this is found 
in the fact that M. Brown- S4quardJ has kept frogs, in which animals the 
cutaneous respiration is actively performed, alive for eight months after 
the entire removal of the Medulla Oblongata. From the Medulla Oblon- 
gata spring the nerves which exert a regulatory or inhibitory power on 
the movements of the heart (§ 216), and also those which are intimately 
associated with the formation of sugar in the liver (§381). It is also 
the ganglionic centre of the nerves of Speech and Deglutition ; the aboli- 
tion of which latter function must of course be destructive to life, though 
less speedily than that of Respiration. As regards the functions of the 
several strands composing the Medulla Oblongata, little is known, except- 
ing that the anterior pyramids are the conductors for voluntary motor 
impulses, whilst the Corpora Restiformia, which constitute the inferior pe- 
duncles of the Cerebellum, do not appear, according to M. Brown- S4quard,§ 
to give passage to any of the conductors of sensory impressions proceed- 
ing from the trunk, limbs, or head. It is remarkable, however, that 

♦ “Pkysiologie,” 1859, p. 262. 

t Brown-Seqnard considers that the whole base of the Encephalon in Man is implicated 
in Respiration (“Central Nervons System,” p. 191). 

t “Central Nervous System,” 1869, p. 191. § Ibid., p. 27, 
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after they have been transversely divided, hypersesthesia is produced in 
every part of the trunk and limbs. 

495. Hence the Spinal Cord, with its Encephalic prolongation, may be 
said to supply by its ‘reflex power’ the conditions requisite for the 
maintenance of the various muscular movements which are essential to the 
continuance of the Organic processes ; and, as Dr. M. Hall has pointed- 
out, it especially governs the various orifices of ingress and egress. — 
Thus, the act of Deglutition is entirely dependent upon the Spinal Axis 
and the nerves proceeding from it ; the Will being in no other way con- 
cerned in it, than by originating the necessary stimulus; and even 
sensation not being a necessary link in the chain of excito-motor action 
(§§ 68-70). The action of the cardiac sphincter, again, — and probably 
that of the pyloric sphincter alsOj-^-is dependent upon its nervous con- 
nection with the Spinal Axis; and is entirely regulated without sensorial 
excitement (§ 70). And there is much reason to believe that certain of 
the movements of the Stomach itself are in like manner dependent upon 
its connection with the Medulla Oblongata (§ 72), although there is 
evidence that it possesses an independent motor activity of its own. The 
movements of the Intestinal tube are unquestionably influenced by the 
Spinal Cord, although in great measure independent of it (§§ 74, 75); 
and the sphincter which surrounds its orifice of egress is undoubtedly 
placed under its guardianship, although partly subjected (in Man) to the 
control of the Will. The Siime may be said of the expulsor muscles con- 
cerned in the act of Defecation; and of theexpulsors and sphincter which 
effect and control the act of Urination (§ 76). — Looking, again, at the 
movements which are subservient to the Respiratory process, we find 
that all those which are essential to its regular maintenance are per- 
formed through the intermediation of the Spinal Axis alone ; that the 
Will has only such a limited power over them as to bring them into 
harmony with its other requirements, as in the acts of vocalization and 
in extraordinary muscular exertions ; and that the stimulus by which 
they are commonly maintained does not even affect the consciousness, 
the ‘besoin de respirer’ only becoming sensible when the respiratory 
process is being imperfectly performed (§§ 274-276). Not only are 
the ordinary respiratory movements performed through this channel, 
but the aperture of the Glottis is regulated by it, in everything that 
concerns the respiration ; and either by its spasmodic closure against the 
entrance of unfit substances, or by the expulsor effort of coughing which 
is excited by them when they do find their way into the air-passages, 
these passages are kept free from solid, liquid, or gaseous particles, whose 
presence in them would be injurious. — In the expulsion of the Generative 
products, also, the reflex power of the Spinal Cord takes an important 
share. Budge* believes that he has discovered a genito-spinal centre (in 
rabbits) in that portion of the Spinal Cord which lies opposite the fourth 
lumbar vertebra ; for on irritating this part, contractions of the rectum, 
bladder, and vasa deferentia occurred. The same effects are produced 
on irritating the ganglion of the Sympathetic nerve lying on the fifth 
lumbar vertebra, which receives communicating branches from this part 
of the cord; and the influence of the nervi erigentes and common 

* ^^Comptes Kendus de TAcad. des Scien.,” 1868, p. 686; and **Physiologie,” 1862, 
p. 14. 
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pudendal nerves observed by Eckhard, on the erection of the penis and 
emissio seminis, has been already fully detailed (§ 255). The muscular 
contractions which produce Emissio Seminis are excito-motor in their 
nature ; being independent of the Will, and not capable of restraint by 
it when once fully excited ; and being (like those of Deglutition) excit- 
able in no other way than by a particular local irritation. It has been 
shown by experiment, and also by pathological observation, that the 
separation of the lower portion of the Spinal Cord from the upper does 
not prevent these movements from being excited, although the act is then 
unaccompanied with sensation, which proves that sensation is not essen- 
tial to its performance ; on the other hand, the power of emission is 
annihilated by destruction of the lower portion of the Spinal Cord, or by 
section of the nerves which supply the genital organs. The act of Par- 
turition, however, seems to be less dependent upon the Spinal Cord ; for, 
as will be shown hereafter (chap, xvi.. Sect. 3), the contractions of the 
Uterus, which are alone sufficient to expel the fcctus when there is no 
considerable resistance, are not to be regarded as ‘ reflex and it is only 
in the co-operation of those associated muscles which come into play in 
the second stage of labour, when the head is passing through the os uteri 
and is engaged in the pelvic cavity, that the assistance of the Spinal Cord 
and its nerves is called-in. These movements, like those of Defecation, 
may be to a certain extent promoted or restrained by voluntary eflbrt ; 
but when the exciting influence (the pressure of the head against the 
parietes of the vaginal canal) has once been fully brought into operation 
by the uterine contractions, the Will has little power over them, either 
in one way or the other. The antagonizing influence of the sphincter 
vaginae seems, like that of the sphincter ani, to be dependent upon the 
Spinal Cord ; and thus it happens that when its tension and that of other 
muscular parts has been destroyed by death, whilst the uterus still retains 
its contractility, the power of the latter has sufficed for the completion of 
the parturient process, the child being expelled after the respiratory 
movements have ceased, 

496. The Spinal Axis is not merely the instrument whereby the 
movements essential to the maintenance of the Organic functions are sus- 
tained ; it is also subservient to other muscular actions, whose character 
is essentially protective. Thus it was ascertained by Dr. M. Hall* that, 
if the functions of the Brain be suspended or destroyed without injury 
to the Spinal Cord and its nerves, the Orbicularis muscle will contract, so 
as to occasion the closure of the eyelids, upon their tarsal margin being 
touched with a feather. This fact is interesting in several points of 
view. In the first place, it is a characteristic example of an adaptive 
action, occurring under circumstances in which volition cannot be 
imagined to guide it, and in which there is no valid reason to believe 
that sensation directs it. Further, it explains the almost irresistible 
nature of the tendency to winking, which is performed at short intervals 
by the contraction of the Orbicularis muscle ; this is evidently a reflex 
action, capable of being in some degree restrained (like that of respira- 
tion) by the wiU, but only until such time as the stimulus (resulting 
perhaps from the collection of minute particles of dust upon the eyes, or 


* ‘‘Memoirs on the Nervous System,” 1837, p. 61. 
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from the drynes3 of their surface in consequence of evaporation,) becomes 
too strong to be any longer resisted. The nervous channel through 
which this action is performed, is completed by the first branch of the 
Fifth and the Portio Dura of the Seventh. Again, we have in sleep or in 
apoplexy an example of this purely-spinal action, unbalanced by the 
influence of the will, which, in the waking state, antagonizes it by calling 
the levator palpebrae into action. As soon as the will ceases to act, the 
lids droop, and close over the eye so as to protect it ; and if those of a 
sleeping person be separated by the hand, they will be found presently to 
return. Here, as in studying the respiratory and other movements, we 
are led to perceive that it is the Brain alone which is torpid during 
sleep, and whose functions are affected by this torpidity. As Dr. M. Hall 
very justly remarks, “the Spinal system never sleeps;” it is constantly in 
activity ; and it is thus that, in all periods and phases of Life, the move- 
ments which are essential to its continued maintenance are kept-up 
without sensible effort. — The closure of the pupil against a strong light, 
is another movement of the same protective tendency. The contrac- 
tion of the pupil is immediately caused by the Third pair, or Motor 
Oculi, as is easily shown by irritating the trunk of that nerve and observ- 
ing the result ; but the stimulus which excites it is conveyed through the 
Optic nerve. Yet although the contraction of the pupil is usually in close 
accordance with the sensation occasioned by the impression of light upon 
the retina, yet there is evidence to prove that the sensfition of light is not 
always necessary : for even when the sight of both eyes has been entirely 
destroyed by amaurosis, the normal actions have been witnessed in the 
pupil, in accordance with the varying degrees of light impinging on the 
retina. Such cases seem to indicate that the motion results from an 
impression upon the retina, which impression being conducted to the 
Sensorium ordinarily produces a sensation ; but that even where no sen- 
sation is produced, on account of a disordered state of the part of the 
ganglionic centre in which the Optic nerve terminates, if tlie central tract 
which connects that nerve with the Third pair retain its integrity, 
the reflex contraction of the pupil may still be excited through it. The 
rarity of the occurrence is easily accounted-for, by the fact that in 
most cases of amaurosis the disease lies in the retina or in the trunk of 
the nerve, and thereby checks both its spinal and its encephalic actions. 
— Although we are not at present acquainted with any%imilar protec- 
tive movements in the Human being, designed to keep the organ of Hear- 
ing from injury, yet there can be little doubt that those which we are 
constantly witnessing in other animals possessed of large external ears, are 
reflex actions excited by the irritation applied to them. In regard to the 
Nose, we find a remarkably complex action — ^that of Sneezing — ^adapted 
to drive-off any cause of irritation (§ 280 ). The stimulus is conveyed, in 
this case, not through the Olfactory nerve, but through the Fifth pair ; 
so that it is not dependent upon the excitement of the sensation of Smell, 
The act of Coughing, also, may be regarded as of a protective character ; 
being destined to remove sources of irritation from the air-passages. 
Many of the automatic movements performed by the limbs of Frogs and 
other animals, when their connection with the brain has been cut off (§ 489 ), 
appear destined to remove these parts from sources of irritation or injury; 
and they may thus be rightly placed under the same category. 
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497. The fact that Sensation is very commonly associated with the 
reflex actions we have been considering, being produced by the impres- 
sion that excites them, has led many to suppose that it necessarily parti- 
cipates in them ; — a doctrine which we have seen to be imtenable. But 
the question not unnaturally arises, why Sensation should so constantly 
participate in these operations, if not essential to them ; and the answer 
to this question is to be found in the fact, that it is only through sensa- 
tion that a higher set of actions, mental and bodily, is called into play, 
which is essential to the continued maintenance of those belonging to 
the present category. Illustrations of this truth might be drawn from 
any of the functions already noticed; but the Ingestion of food will 
supply us with one of the most apposite. We have seen that the act of 
Deglutition is in itself independent of sensation ; anything that comes 
within the grasp of the pharyngeal constrictors being conveyed down- 
wards by their reflex contraction, just as anything which touches the 
arms of a Polype is entrapped by them and drawn into the stomach. 
But this action is attended with sensation, in the ordinary condition of 
the higher Animal, apparently in order that guidance may be thus 
afforded in the performance of those other movements of prehension, 
mastication, &c., by which the food may be brought within reach of the 
apparatus of deglutition ; and the sensations which are linked with these 
are among the influences which prompt to those higher mental operations, 
whereby food is provided for the digestive apparatus to make use of. 
The Zoophyte is dependent for its supplies of aliment upon what the 
currents in the surrounding fluid, or other chances, may bring into its 
neighbourhood ; and if these should fail, it starves. The anencephalous 
Infant, again, can swallow, and even suck ; but it can execute no other 
movements adapted to obtain the supply of food continually necessary 
for its maintenance, because it has not a mind which sensations could 
awake into activity. The sensation connected with excito-motor actions 
has not only this important end, but it frequently contributes to enjoy- 
ment, as in Suction and Emissio seminis. The sensation accompany- 
ing the actions of this class, moreover, frequently affords premonition 
of danger, or gives excitement to supplementary actions destined to 
remove it, as in the case of Respiration ; for where anything interferes 
with the due discharge of the function, the uneasy sensation that ensues, 
occasions unwanted movements, which are more or less adapted to 
remove the impediment, in proportion as they are guided by judgment as 
well as by consciousness. Again, sensation often gives warning against 
inconvenience, as in the Excretory functions ; and here it is very evident, 
that its purpose is not only (if it be at all) to excite the associated 
muscles necessary for the excretion, but actually to make the Will set 
up the antagonizing action of the sphincters (§§ 76, 77). 

498. We have now to inquire how far the independent action of the 
Spinal Cord is concerned in the general muscular movements of Man, 
and especially in the locomotive actions of his inferior extremities. On 
this point, it is obvious that we must not be guided by the analogy of 
the lower animals ; since the locomotive and other movements of Man 
are for the most part volitional and purposive, and he has to acquire by 
experience that control over his muscular apparatus which is necessary 
to enable him to perform them ; whilst in Invertebrate generally, and in 
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a laxge part of the lower Vertebrata, it is evident that the movements of 
progression, &c. which are characteristic of each species, come under the 
general category of automatic actions, and are provided-for in the original 
organization of its nervous centres, being performed without any educa- 
tion, and under circumstances which render the notion of a purpose on 
the Animal’s own part quite untenable. In so far as these instinctive 
movements require the guidance and direction of sensations, they must be 
referred to the ‘ consensual ’ group ; but clear evidence is afEoraed by the 
continuance of many of them after the removal of the centres of sensation, 
that they are excito-motor in their character, and that they require no 
higher centre than the ganglia which correspond to the Spinal Cord of 
Man.* There can be little doubt that the habitual movements of loco- 
motion, and others which have become ‘ secondarily automatic,’ may be 
performed by Man (under particular circumstances) through the agency 
of the Spinal Cord alone, under the guidance and direction of the Sen- 
sorial centres, or even without such guidance ; the required condition 
being, that the influence of the Cerebrum shall be entirely withdrawn. 
Thus, numerous instances are on record, in which soldiers have continued 
to march in a sound sleep ; and the Author has been assured by an intel- 
ligent witness, that he has seen a very accomplished pianist complete the 
performance of a piece of music in the same state. f A case has been 
mentioned to him by his friend Dr. William Budd, of a patient labouring 
under that form of epilepsy in which there was simply a temporary sus- 
pension of consciousness without convulsion, who, whenever the paroxysm 
came-on, persisted in the kind of movement in which he was engaged at 
the moment ; and thus on one occasion fell into the water through con- 
tinuing to walk onwards, and frequently (being a shoemaker by trade) 
wounded his fingers with the awl in his hand, by a repetition of the 
movement by which he was endeavouring to pierce the leather. Such 
facts as these add great strength to the probability, that when the Cere- 
bral power is not suspended, but merely directed into another channel, 
as in the states of Reverie or Abstraction, and the attention is entirely 
drawn-off from the movements of locomotion, the continuance of these is 
due to the independent automatic action of the Spinal Cord, the direction 
being given to them by the Sensory Ganglia. This point, however, will 
be more fully considered hereafter (§ 523); at present it may be remarked, 
that, when a regular train of movements is being performed under such 
conditions, every single action may be probably regarded as affording the 
stimulus to the next ; each contact of the foot with the ground, in the 
act of walking, exciting the muscular contractions which constitute the 
next step;! and each movement of the musician prompting that which 
has customarily followed it, after the same fashion. 

* See “Princ. of Comp. Phys.,” §§ 649-654. 

t In playing by memory on a mnsical instrument, the muscular sense often suggests the 
sequence of movements with more certainty than the auditory; and since the impressions 
derived from the muscles may prompt and regulate successional movements, without 
affecting the consciousness, there is no such improbability in the above statement as might 
at first sight appear. 

$ The truth of this view seems to the Author to be strongly supported by observation of 
the mode in which Infante learn to walk ; for it may often be observed that long before 
they can stand, they will instinctively perform the movements of walking, if they be so 
supported that the feet touch the ground. 
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499. Now in all these cases, it seems reasonable to infer, that the same 
kind of connection betwe*en the excitor and motor nerves comes to be 
formed by a process of gradual development, as originally exists in the 
nervous systems of those animals whose movements are entirely auto- 
matic ; this portion of the nervous system of Man being so constituted, 
as to grow~to the mode in which it is habitually called into play. Such 
an idea is supported by all that we know of the formation and persistence 
of Jiahits of nervo-muscular action. For it is a matter of universal ex- 
perience that such habits are far more readily acquired during the periods 
of infancy, childhood, and youth, than they are after the attainment of 
adult age ; and that, the earlier they are acquired, the more tenaciously 
are they retained. Now it is whilst the organism is growing most rapidly, 
and the greatest amount of new tissue is consequently being formed, 
that we should expect such new connections to be most readily esta- 
blished ; and, it is then, too, that the assimilative processes most readily 
take-on that new mode of action (§ 318), which often becomes so com- 
pletely a ‘ second nature,’ as to keep-up a certain acquired mode of 
nutrition through the whole subsequent life. It is an additional and 
most important confirmation of this view, to find that when a nerve- 
trunk has been cut-across, the re-establishment of its conductive power 
which takes-place after a certain interval is effected, not by the re-union 
of the divided fibres, but by the development of a new set of peripheral 
fibres in the place of the old ones (which undergo a gradual degeneration), 
this development proceeding from the point of section, and the central 
fibres remaining unaltered.* — That an actual continuity of nerve-fibres, 
however, is not requisite for the establishment of those connections 
between excitor and motor nerves, in which the central organs take part, 
seems probable from the fact, that under particular circumstances we 
find the influence of such impressions radiating in every direction, and 
extending to nerves which they do not ordinarily affect. Still there 
can be no doubt that the nerve-force is disposed to pass in special 
tracks ; and it seems probable that whilst some of these are originally 
marked-out for the automatic movements, others may be gradually worn- 
in (so to speak) by the habitual action of the Will; and that thus, when 
a train of sequential actions primarily directed by the Will has been once 
set in operation, it may continue without any further influence from that 
source. 

600. Another manifestation of the independent power of the Spinal 
Cord, is seen in its influence on Muscular Tension. — The various muscles 
of the body, even when there is the most complete absence of effort, 
maintain in the healthy state of the system a certain degree of firmness, 
by their antagonism with each other ; and if any set of muscles be com- 
pletely paralyzed, the opposing muscles will draw the part on which they 
act, out of its position of repose ; as is well seen in the distortion of the 
face which is characteristic of paralysis of the facial nerve on one side. 
This condition has been designated as the tone of the Muscles ; but this 
term renders it liable to be confotmded with their tonic contraction^ which 
is also concerned in maintaining their firmness, but which is a mani- 
festation of the simple contractility of their tissue, and is exhibited alike 
by the striated and the non-striated forms of muscular fibre, but more 

* See Dr. Waller’s imp( 5 >rtant researches on the Reproduction of Nervous Substance, 
in ^‘Muller’s Archiv,” 1862, heft iv. 
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especially by the latter. On the other hand, the condition now alluded- 
to, which may perhaps be appropriately termed their tension, is the result 
of a moderate though continued excitement of that contractility, through 
the nervous centres. It has been proved by Dr. M. Hall, that the Mus- 
cular Tension is dependent, not upon the influence of the Brain, but 
upon that of the Spinal Cord ; as the following experiments demonstrate. 
— “ Two Rabbits were taken ; from one the head was removed ; from the 
other also the head was removed, and the spinal marrow was cautiously 
destroyed with a sharp instrument : the limbs of the former retained a 
certain degree of firmness and elasticity ; those of the second were per- 
fectly lax.” Again : “ The limbs and tail of a decapitated Turtle possessed 
a certsfln degree of firmness or tone, recoiled on being drawn from their 
position, and moved with energy on the application of a stimulus. On 
withdrawing the spinal marrow gently out of its canal, aU these pheno- 
mena ceased. The limbs were no longer obedient to stimuli, and became 
perfectly flaccid, having lost all their resilience. The sphincter lost its 
circular form and contracted state, becoming lax, flaccid, and shapeless. 
The tail was flaccid, and unmoved on the application of stimuli.”* It is 
further remarked by Messrs. Todd and Bowman, that “ a decapitated frog 
will continue in the sitting posture through the influence of the spinal 
cord ; but immediately this organ is removed, the limbs fall apart.” — 
This operation of the Spinal Cord is doubtless but a peculiar manifestation 
of its ordinary reflex function. A curious experiment by M. Brown- 
Sequardf shows that this effect is not due to loss of contractility in the 
muscles ; for although, after division of the Spinal Cord, there is a tem- 
porary diminution in their power, after a short interval the muscles when 
stimulated to contract will not only raise an equal but even a greater 
weight than before, the effect lasting in healthy frogs for 24 hours or 
more. Thus, two Frogs, A and B, had weights fastened to the hind-legs 
until they were unable to raise them ; the weighting amounted in each case 
to 925 grains. Immediately after division of the Cord they were able to 
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We shall hereafter see how much the influence of the Will in producing 
the active contraction of a muscle, is dependent upon sensations received 
from it ; and it seems highly probable that the impression of the state of 
the muscle, conveyed by the afferent fibres proceeding from it to the 
spinal cord, is sufficient to excite this state of moderate tension through 
the motor nerves arising from the latter. Such a view derives probability 
from the fact, which must have fallen under the observation of almo^ 
every one, that most reflex actions become increased in energy, if resist- 
ance be made to them. Of this we have familiar examples in the action 
of the expulsor muscles which operate in defecation, urination, and 
parturition, if, when they are strongly excited, their efforts be opposed 
by spasmodic contraction of the sphincters, or by mechanical means. 
Many forms of convulsive movement exhibit the sa|ne tendency, their 
* ‘‘Memoirs on the Nervous System,” 1837, p. 93. f “Comptes Rendus,” 1847. 
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violence being proportional to the mechanical force nsed to restrain them. 
Here it is evident that the impression of resistance conveyed to the Spinal 
Cord, is the source of the increased energy of its motor influence ; from 
which we may frirly infer that the moderate resistance occasioned by the 
natural antagonism of the muscles, is the source of their continued and 
moderate tension, whilst they are under the influence of the Spinal Cord. 
This constant though gentle action serves to keep-up the nutrition of the 
muscles which are paralyzed to the will ; and this is still more com- 
pletely maintained, if the portion of the nervous centres with which they 
remain connected be so unduly irritable, that the muscles are called into 
contraction upon the slightest excitation, and are thus continually exhi- 
biting twitchings, startings, or more powerful convulsive movements. It 
is upon the continuance of the nutrition of the muscles, that the per- 
sistence of their contractility depends ; and hence the Spinal Cord has an 
indirect influence upon this peculiar property, which is more likely to 
be retained when the muscle is still subject to the influence of the Spinal 
Cord, though cut-off from that of the Brain, than when it is completely 
paralyzed by the entire severance of its connection with the nervous centres. 

3. Of the Sensory Ganglia and their Functions. — Consensual Movements. 

501. At the base of the Brain in Man, concealed by the Cerebral 
Hemispheres, but still readily distinguishable from them, we find the 
series of ganglionic masses which have been already mentioned as being 
in direct connection with the nerves of Sensation, and which appear to 
have functions quite independent of those of the other components of the 
Encephalon. These are the Olfactory and Optic ganglia (Corpora Quad- 
rigemina), with the Auditory and Gustatory centres contained in the 
Medulla Oblongata. The structure of the Corpora Quadrigemina has 
been shown by Mr. Lockhart Clarke* to consist of nerve-cells together 
with oblique, transverse, and longitudinal nerve-fibres resting on an 
arched transparent lamina, which forms the roof of the Sylvian Aque- 
duct. A large proportion of the Optic tract is connected with the 
nates. — But besides these, at the base of the Cerebral Hemispheres, 
we find two other large ganglionic masses on either side, through which 
nearly all the fibres appear to pass that connect the Hemispheres with 
the Medulla Oblongata: namely, the Thalami Optici^ and the Corpora 
Striata. Now, although these are commonly regarded in the light of 
appendages merely to the Cerebral Hemispheres, it is evident from the 
toge quantity of vesicular matter they contain, that they must rank as 
independent ganglionic centres ; and this view is supported alike by the 
evidence of Comparative Anatomy, and by that afforded by the history of 
Development. For it is certain that the size of the Thalami Optici and 
Corpora Striata presents no more relation, in different tribes of animals, 
to that of the Cerebrum, than does that of the ganglia of Special Sense ; 
and they may even present a considerable development, when the condi- 
tion of the Cerebrum is quite rudimentary. Thus in the Osseous Fishes, 
a careful examination of the relations of the body which is known as the 
Optic lobe (Fig. 91, c) makes it apparent that this is the representative, 
not merely of the proper Optic ganglion of Man, but also of the Thalamus 
Opticus ; whilst, again, the mass which is designated as the Cerebral lobe 

* Proceedings of the Royal Society,” June 20, 1861. 
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(b) is chiefly homologous with the Corpus Striatum of higher animals. 
The nature of the latter body is made apparent, in the higher Cartila- 
ginous Fishes, by the presence of a ventricle in its interior ; the floor of 
this cavity being formed by the Corpus Striatum, whilst the thin layer of 
nervous matter which forms its roof is the only representative of the 
Cerebral hemisphere. So in the Human embryo of the 6th week, we find 
a distinct vesicle for the Thalami Optici, interposed between the vesicle 
of the Corpora Quadrigemina and that which gives origin to the Cerebral 
Hemispheres; whilst the Corpora Striata constitute the floor of the cavity 
or ventricle which exists in the latter, this being as yet of comparatively 
small dimensions. — Now, as already pointed-out (§ 475), we may dis- 
tinguish in the Medulla Oblongata and Crura Cerebri a sensory and a 
motor tract, by the endowments of the nerves which issue from them. 
The sensory tract may be traced upwards, until it almost entirely spreads 
itself through the substance of the Thalamus. Moreover, the Optic nerves 
and the peduncles of the Olfactive may be shown to have a distinct con- 
nection with the Thalami, the former by the direct passage of a portion 
of their roots into these gangha, and the latter through the medium of 
the Fornix. Hence we may fairly regard the Thalami Optici as the 
chief focus of the Sensory nerves, and more especially as the ganglionic 
centre of the nerves of common sensation, which ascend to it from the 
Medulla Oblongata and Spinal Cord. — On the other hand, the Corpora 
Striata are implanted on the Motor tract of the Crura Cerebri, which 
descend into the Pyramidal columns ; and their relation to the fibres of 
which that tract is composed, appears to be essentially the same as that 
which the Thalami bear to the sensory tract. — The Corpora Striata are 
connected with each other, on the median plane, by the anterior commis- 
sure ; and the Thalami Optici, by the soft and the posterior commis- 
sures. The Corpus Striatum and Thalamus Opticus of the same side are 
very closely connected by commissural fibres, stretching from one to the 
other ; and, if the preceding account of the respective offices of these 
bodies be correct, they may be regarded as having much the same relation 
to each other, as that which exists between the posterior and anterior 
peaks of vesicular matter in the Spinal Cord;* the latter issuing motor 
impulses in respondence to sensations excited through the former. They 
are also intimately connected with other ganglionic masses in their neigh- 
bourhood, such as the ‘ locus niger,’ and the vesicular matter of the * tuber 
annulare;’ which, again, are in close relation with the vesicular matter of 
the Medulla Oblongata. 

502. It has been commonly supposed that the fibres of the Crura Cere- 
bri, after entering the Corpora Striata and Thalami Optici, pass continu- 
ously through these bodies, receiving ‘reinforcements’ of additional fibres 
from their ganglionic matter ; and that they then radiate to the internal 
surface of the grey matter of the Cerebral Hemispheres. Such would 
certainly be the conclusion to which a superficial examination of their 
course would lead. But very strong reasons have recently been advanced 
for the belief, that the fibres of the Crura Cerebri for the most part, if not 
entirely, terminate in the vesicular substance of the Corpora Striata and 
Thalami Optici ; and that the radiating fibres of the Hemispheres take a 
fresh departure from these ganglia, serving, in fact, the part of commis- 

* This was first pointed-out by Messrs. Todd and Bowman, in their ‘‘Physiological 
Anatomy,” vol. i. pp. 347-850. 
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sxires to connect their vesicular substance with that of the Cerebral 
ganglia.* And this view, as we shall hereafter see, is in complete accord- 
ance with the existence of a very decided physiological separation between 
these two sets of organs. — Altogether it is very evident, that a series of 
true ganglionic centres exists at the base of the Encephalon, which are 
really as distinct from either the Cerebrum or Cerebellum as the latter 
are from each other ; and as these centres are in immediate connection 
with the nerves both of special and of general Sense, they may be appro- 
priately designated the Sensory Ganglia, — An inquiry into the distribu- 
tion and endowments of their nerves will assist us in the determination of 
the functions of the central organs in which they terminate. 

503. Nerves of Special Sense, — Through the First pair, or Olfactory 
nerve, are transmitted the impressions made by odorous emanations upon 
the surface it supplies ; and it is not susceptible to impressions of any 
other kind. Anatomical examination of the distribution of this nerve 
proves that it is not one which directly conveys motor influence to any 
muscles, since all its branches are distributed to the membrane lining the 
nasal cavity ; and experimental inquiry leads to the same result, for no 
irritation of the peduncles or branches excites any muscular movement. 
Further, no irritation of any part of this nerve excites reflex actions 
through other nerves. Again, it is not a nerve of ^ common ’ sensation ; 
for animals exhibit no signs of pain when it is subjected to any kind of 
irritation. Neither the division of the nerve, nor the destruction of the 
olfactive ganglia, seems to inconvenience them materially. They take 
their food, move with their accustomed agility, and exhibit the usual 
appetites of their kind. The ‘ common ’ sensibility of the parts contained in 
the olfactive organ is in no degree impaired, as is shown by the effect of 
irritating vapours ; but the animals are destitute of the sense of smell, as 
is shown by the way in which these vapours affect them ; for at first they 
appear indifferent to their presence, and then suddenly and vehemently 
avoid them as soon as the Schneiderian membrane becomes irritated. 
Moreover, if two dogs, with the eyes bandaged, one having the olfactory 
nerves and ganglia sound, and the other having had them destroyed, are 
brought into the neighbourhood of the dead body of an animal, the former 
will examine it by its smell ; whilst the latter, even if he touches it, pays 
no attention to it. This experiment Valentinf states that he has repeated 
several times, and always with the same results. Further, common ob- 
servation shows that sensibility to irritants, such as snuff, and acuteness 
of smell, bear no constant proportion to one another ; and there is ample 
pathological evidence, that the want of this sense is connected with some 
morbid condition of the olfactory nerves or ganglia. — It is well known 
that Magendie has maintained, that the Fifth pair in some way furnishes 
conditions requisite for the exercise of the power of smell ; asserting that, 
when it is cut, the animal is deprived of this sense. But his experiments 
were made with irritating vapours, which excite sternutation or other 
violent muscular actions, not through the Olfactory nerve, but through the 
Fifth pair; and the experiments of Valentin, just related, fully prove that 
the animals are not sensitive to odours, strictly so called, after the Olfac- 
tory nerve has been divided. The acuteness of the true sense of smell is 

* See especially Messrs. Todd and Bowman’s ** Physiological Anatomy^” vol. i. p. 277; 
and Prot KdlUker’s “MlkroBkopisohe Anatomie,” band U. § 118. 

f “Be Functionibus Nervorum Oerebralium,” &c., Bernas, 1889, 
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lessened by section of the Fifth pair; but this is because the Schneiderian 
membrane is then no longer duly moistened by its proper secretion, and 
when dry it is less susceptible of the impressions made by those minute 
particles of odoriferous substances, to which the excitement of the sensa- 
tion must be referred. 

504. That the Second pair, or Optic nerve, has an analogous character, 
appears alike from anatomical and experimental evidence. No chemical 
or mechanical stimulus of the trunk produces direct muscular motion ; 
nor does it give rise, so far as can be ascertained, to indications of pain ; 
whence it may be concluded that this nerve is not one of ^ common ’ sen- 
sation. That the ordinary sensibility of the eyeball remains, when the 
functions of the Optic nerve are completely destroyed, is well known; as 
is also the fact, that division of it puts an end to the power of vision. 
Valentin states that, although the Optic nerve may, like other nerves, be 
in appearance completely regenerated, he has never been able to obtain 
any evidence that the power of sight has been in the least degree reco- 
vered. He remarks that animals suddenly made blind exhibit great 
mental disturbance, and perform many imaccustomed movements; and that 
the complete absence of the power of vision is easily ascertained. Morbid 
changes are sometimes observed to take place in eyes whose Optic nerve has 
been divided ; but these are by no means so constant or so extensive, as when 
the Fifth pair is paralyzed ; and they may not improbably be attributed to 
the injury occasioned by the operation itself, to the parts within the orbit. 

605. The Optic nerve, though analogous to the Olfactory in all the 
points hitherto mentioned, differs from it in one important respect; — that 
it has the power of conveying impressions which excite reflex muscular 
motions. This is especially the case in regard to the Iris, the ordinary 
actions of which are regulated by the degree of light impinging on the 
retina. When the Optic nerve is divided, contraction of the pupil takes 
place ; but this does not occur, if the connection of this nerve with the 
third pair, through the nervous centres, be in any way interrupted. After 
such division (if complete), the state of the pupil is not affected by varia- 
tions in the degree of light impinging on the retina ; except in particular 
cases, in which it is influenced through other channels. Thus, in a 
patient suffering under amaurosis of one eye, the pupil of the affected eye is 
often found to vary in size, in accordance with that of the other eye ; but 
this effect is due to the action of light on the retina of the sound eye, 
which produces a motor change in the Third pair on both sides. Further, 
as already shown (§ 496), the impression only of light upon the retina may 
give rise to contraction of the pupil, by reflex action, when the Optic 
nerve is itself sound ; whilst no sensations are received through the eye, 
in consequence of disease in the sensorial portion of the nervous centres. 
Although the contraction of the pupil is effected by the influence of motor 
fibres, which proceed to the sphincter of the Iris from the third pair of 
nerves, through the Ophthalmic ganglion, its dilatation (as we shall 
hereafter see) depends upon the influence it derives from the Sympa-' 
thetic system, of which that ganglion forms part. — Besides the contraction 
of the pupil, another action of a ‘reflex’ character is produced through 
the Optic nerv^e; namely, the contraction of the Orbicularis muscle imder 
the influence of strong fight, or when a foreign body is suddenly brought 
near the eye. But this cannot be excited without a consciousness of the 
visual impression ; in fact, it is a movement of a ‘ consensual’ kind, pro- 



m 


FUNCTIONS OF THE CEREBEO-SPINAL NERVOUS SYSTEM. 


duced by tbe painful sensation of light, which gives rise to the condition 
well ch^acterized by the photophobia. The involuntary character of 
it must be evident to every one who has been engaged in the treatment 
of diseases of the eyes ; and the effect of it is aided by a similarly-invo- 
luntary movement of the eyeball itself, which is rotated upwards and in- 
wards, to a greater extent than the Will appears able to effect. — Another 
reflex movement excited through the visual sense, is that of Sneezing, 
which is induced in many individuals by the sudden exposure of the eyes 
to a strong light : of the purely automatic character of this movement 
there can be no question, since it cannot be imitated voluntarily ; and 
that it is not excito-motor, is proved by the fact that it is not excited 
unless the light be seen.* 

506. There is a further peculiarity, of a very marked kind, attending 
the course of the Optic nerves; this is the crossing or ‘ decussation’ which 
they undergo more or less completely, whilst passing between their ganglia 
and the eyes. In some of the lower animals, in which the two eyes (from 
their lateral position) have entirely different spheres of vision, the decus- 
sation is complete ; the whole of the fibres from the right optic ganglion 
passing into the left eye, and vice versd. This is the case, for example, 
with most of the Osseous Fishes (as the cod, halibut, &c.) ; and also, in 
great part at least, with Birds. f In the Human subject, however, and in 
animals which, like him, have the axes of both eyes directed to the same 
object, the decussation seems less complete ; but there is a very remark- 
able arrangement of the fibres, which seems destined to bring the two eyes 
into peculiarly consentaneous action. The posterior border of the Optic 
Chiasma is formed exclusively of commissural fibres, which pass from one 
optic ganglion to the other, without entering the real optic nerve. Again, 
the anterior border of the Chiasma is composed of fibres, which seem, in 
like manner, to act as a commissure between the two retincB ; passing from 
one to the other, without any connection with the optic ganglia. The 
tract which lies between the two borders, and occupies the middle of the 
Chiasma, is the true Optic Nerve; and in this it would appear that a por- 
tion of the fibres decussates, whilst another portion passes directly from 
each Optic ganglion into the corresponding eye. The fibres which proceed 
from the ganglia to the retinse, and constitute the proper Optic Nerves, 
may be distinguished into an internal and an external tract. Of these the 
external^ on each side, passes directly onwards to the eye of that side : 
whilst the internal crosses over to the eye of the opposite side. The dis- 
tribution of these two sets of fibres in the retina of each eye respectively, 
is such that, according to Mr. Mayo, the fibres from either optic ganglion 
will be distributed to its own side of both eyes ; J the right optic ganglion 

* A patient was for some time in the London Hospital, in whom there was such an undue 
impressibility of the retina, that she could not remain in even a moderate light without 
a continual repetition of tbe act of Sneezing. 

t See Solly on ‘‘The Human Brain,” 2nd edit., p. 288. 

J This arrangement was first hypothetically suggested by Dr. Wollaston (“ Philos. 
Trans.,” 1824), as facilitating the explanation of some of the phenomena of vision, and 
more particularly single vision with two eyes. We shall hereafter see, however, that the 
singleness of the impression resulting from the formation of two pictures upon our retinas. 
Is not attributable to any such anatomical arrangement, their combination being a mental 
process, and thb fusion of two dimmilar pictures being requisite to enable us to exercise 
one of the highest attributes of the visual sense, the perception of projection. (See chap. xv. 
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being thus exclusively connected with the outer part of the retina of the 
right eye, and with the inner part of the retina of the left; whilst the left 
optic ganglion is connected exclusively with the outer side of the left 
retina, and with the inner side of the right. Now as either side of the eye 
receives the images of objects which are on the other side of its axis, it 
follows, if this account of the distribution of the nerves be correct, that in 
Man, as in the lower animals, each ganglion receives the impressions of 
objects situated on the opposite, side of the body. The purpose of this de- 
cussation may be, to bring the visual impressions, which are so important 
in directing the movements of the body, into proper harmony with the 
motor apparatus ; so that the decussation of the motor fibres in the pyra- 
mids being accompanied by a decussation of the optic nerves, the same 
effect is produced as if neither decussated, — which last is the case with 
Invertebrated animals in general.* The view above stated has received 
important corroboration from the interesting observation of Mr. Towne, 
that a blending of two colours occurs if their images are simultaneously 
presented to the inner side of one retina and the outer side of the other 
retina, but not otherwise. 

507. The functions of the Auditory nerve, or Portio Mollis of the 7th, 
are easily determined, by anatomical examination of its distribution, and 
by observation of pathological phenomena, to be analogous to those of 
the two preceding. Atrophy or lesion of the trunk destroys the sense of 
Hearing ; whilst irritation of it produces auditory sensations, but does 
not occasion pain. From experiments made upon the nerve before it 
leaves the cranial cavity, it appears satisfactorily ascertained that this 
nerve is not endowed either with common sensibility or with the power 
of directly stimulating muscular movement. Nor can any obvious reflex 
actions be executed by irritation of this nerve ; but it seems nevertheless 
by no means improbable, that the muscles which regulate the tension of 
the Tympanum are called into action by impressions made upon it and 
reflected through the auditory ganglion, in the same manner as the 
diameter of the pupil is regulated through the optic nerve. In the invo- 
luntary start, however, which is occasioned by a loud and sudden sound, 
we have an example of a consensual movement excited through the 
Auditory nerve, which is evidently analogous to the closure of the eyes 
to a strong light. In certain morbidly-impressible states of the nervous 
system, as will be presently shown (§521), the effect of sounds on the motor 
apparatus is far more remarkable. — It has been attempted by Flourens 
to show, that the division of the* Auditory nerve, which proceeds to the 
Semicircular canals, has functions altogether different from that portion 
which supplies the Vestibule and Cochlea. This inference, however, is 
grounded only upon the movements exhibited by animals in which 
these nerves are irritated ; which movements are capable of a different 
explanation (§ 514). 

508. The nerves which minister to the sense of Taste are destitute of 
the peculiarities which distinguish the preceding ; being no other than 
certain branches of ordinary afferent nerves, — the Fifth Pair and Glosso- 

* For additional facts bearing on this subject, see the observations of Mr. Towne * On 
the Stereoscope and Stereoscopic Eesalts,* in Guy’s Hospital Reports” for 1862, p. 69, 
and 1863, p. 103. 
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pbaryngeal (§ 480) — ^the peculiar endowments of which seem to depend 
rather upon the structure and actions of the papillae at their peripheral 
extremities, than upon anything special in their own character ; for, as 
in the case of the ordinary nerves of ‘ common ’ sensation, mechanical 
irritation applied to them calls-forth indications of pain. — From the ob- 
servations and experiments of M. Cl. Bernard,* it appears that the Facial 
nerve (portio dura of the 7th) supplies some condition requisite for the 
sense of Taste, through the branch known as the Chorda Tympani, which 
is the motor nerve of theLingualis muscle and Submaxillary gland (§ 80). 
When paralysis of the Facial exists in Man, the sense of taste is very 
much impaired on the corresponding side of the tongue, provided that 
the cause of the paralysis be seated above the origin of the Chorda 
Tympani from its trunk. Similar results have been obtained from expe- 
riments upon other animals. The effect may possibly be attributable to 
the secretion of Saliva being interfered with. 

509. Nerves oj Common Sensation, — To the sense of Touch all the 
afferent nerves of the body (save the nerves of special sense) appear to 
minister; in virtue — according to the doctrine already propounded (§472) 
— of the direct connection of certain of their fibrils with the Sensorium 
commune. But the degree in which they are capable of producing Sen- 
sations does not bear any constant relation to their power of exciting 
reflex actions. Thus, the Glosso-pharyngeal is not nearly so sensitive as 
the Fifth pair ; though more powerful as an excitor nerve. The Par 
Vagum appears to have even less power of arousing sensory changes ; 
although it is the most important of all the excitors to reflex action. So 
again, the- afferent nerves of the inferior extremities, in Man, are less 
concerned in ministering to sensations, than are those of the superior ; 
and yet they appear to be much more efficient as excitors to muscular 
movement. — These differences may be accounted-for, by supposing that 
the proportion which the fibres having their centre in the ganglionic 
matter of the Spinal Cord, bears to that of the fibres which pass-on to the 
Sensorium, is not constant, but is liable to variation in different nerves ; 
the former predominating in the Par Vagum and the Glosso-pharyngeal, 
whilst the latter are more numerous in the Fifth Pair, and in most of the 
Spinal nerves. 

510. Motor Nerves, — No motor nerves issue from the Sensory Ganglia 
with the same directness that afferent nerves proceed towards them ; but 
the reflex actions of these centres find a ready channel in the motor nerves 
of the Cranio-Spinal axis generally. For, as we have seen (§ 501), the 
motor tract of the Crura Cerebri, which is in connection with the motor 
Encephalic nerves, and also (through the vesicular substance of the Spinal 
Cord) with the anterior roots of the Spinal nerves, passes-up into the 
Corpora Striata and Corpora Quadrigemina. Although the direct con- 
nection of the other ganglia of Special Sense with the Motor columns is 
at present a matter of presumption only, yet this presumption is strongly 
supported by the analogy of the Optic ganglia ; the distinctness of this 
connection in their case being easily accounted-for, when it is remembered 
in how great a degree the general movements of the body are guided by 
the visu^ sense. 

511. Functions of the Sensory Ganglia, — We have now to consider 

* Archives G6n6rales dc M^decine,*^ 1844. 
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what deductions may be drawn with r^ard to the functions of the Sensory 
Ganglia in Man, fi-om the facts supplied by Comparative Anatomy, by 
Experimental inquiry, and by Pathological phenomena. The determi- 
nation of these functions may seem to be the more difficult, as it is impos- 
sible to make any satisfactory experiments upon the ganglionic centres in 
question, by isolating them completely from the Cerebral Hemispheres 
above, and from the Medulla Oblongata and Spinal Cord below. But 
the evidence derived from Comparative Anatomy appears to be in this 
case particularly clear ; and, rightly considered, affords us nearly all the 
information we require. In the series of “ experiments prepared for us 
by nature,” which is presented to us in the descending scale of Animal 
life, we witness the effects of the gradual change in the relative develop- 
ment of the Sensory ganglia and Cerebral hemispheres, which are pre- 
sented to us in descending through the Vertebrated scale ; and the results 
of the entire withdrawal of the latter, and of the sole operation of the 
former, which are exhibited in the higher Invertebrata (see §§ 429, 432).* * * § 
— Thus we are led by the very cogent evidence which Comparative 
Anatomy supplies, to regard this series of Ganglionic centres as consti- 
tuting the real Sensorimn ; each ganglion having the power of rendering 
the Mind conscious of the impressions derived from the organ with which 
it is connected. If this position be denied, we must either refuse the 
attribute of consciousness to such animals as possess no other Encephalic 
centres than these ; or we must believe that the addition of the Cerebral 
hemispheres, in the Vertebrated series, alters the endowments of the 
Sensory ganglia, — an idea which is contrary to all analogy. 

512. So far as the results of Experiments can be relied-on, they afford 
a corroboration of this view. The degree in which animals high in the 
scale of organization can perform the functions of life, without any other 
centre of action than the Ganglia of Special sense, the Medulla Oblongata, 
and the Cerebellum, appears extraordinary to those who are accustomed 
to regard the Cerebral Hemispheres as the centre of all energy. From the 
experiments of Flourens,'|’ Hertwig,J Magendie,§ Longet,|| and others, 
it appears that not only Reptiles, but Birds and Mammals, may survive 
for many weeks or even months (if their physical wants be duly supplied) 
after the removal of the entire Cerebrum. It is difficiilt to substantiate 
the existence in them of actual sensation ; but some of their movements 
appear to be of a higher kind than those resulting. from mere excito-motor 
action. One of the most remarkable phenomena exhibited by such a 
being, is the power of maintaining its equilibrium, which could scarcely 

* It is worthy of special notice, that the development of the Cephalic ganglia in the 
Invertebrata always bears an exa^ proportion to the development of the eyes ; the other 
organs of special sense being comparatively undeveloped ; whilst these, in all the higher 
classes at least, are instruments of great perfection, and hre evidently connected most 
intimately with the direction of the movements of the animals. Of this fact we have a 
remarkable illustration in the history of the metamorphosis of Insects ; the eyes being 
almost rudimentary, and the Cephalic ganglia comparatively small, in most Larvm ; whilst 
both these organs attain a high development in the Imago, to whose actions the faculty 
of sight is essential. 

t Eecherches Exp6nmentale8 but lesPropri6t4s et les Ponctions du SystftmeNervenx,” 
2nd edit., 1845. 

:{: ^^Exper. de effect. Imsion. in partibus Enoephali,** Berol., 1828. 

§ Lemons sur les Ponctions dn Systdme Nerveux,” Paris, 1889. 

|j « Traits de Physiologie,” tom. ii. parti© 2, 1860, p. 411. 
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exist without consciousness. If it^^be laid upon the back, it rises again ; 
if pushed, it walks. If a Bird thus mutilated be thrown into the air, it 
flies ; if a Frog be touched, it leaps. It swallows food and liquid, when 
they are placM in its mouth ; and the digestive operations, the acts of 
excretion, &c., take place as usual. In the case of a Pigeon experimented- 
on by Malacorps, which is recorded by Magendie, there appears sufficient 
proof of the persistence of a certain amount of sensation. Although the 
animal was not affected by a strong light suddenly made to fall upon its 
eyes, it was accustomed, when confined in a darkened or partially- 
illuminated room, to seek-out the light parts ; and it avoided objects that 
lay in its way. In the same manner, it did not seem to be affected by 
sudden noises ; but at night, when it slept with its eyes closed and its head 
under its wing, it would raise its head in a remarkable manner, and open 
its eyes, on the slightest noise ; speedily relapsing into a state of complete 
unconsciousness.’ Its principal occupation was to prune its feathers and 
scratch itself. And Longet mentions that a Pigeon from which he had 
removed the entire Cerebrum, gave many indications of consciousness of 
light ; for not only did the pupil contract, but the lids closed, when a 
strong light was suddenly made to fall upon the eye, the animal having 
been previously kept in darkness ; and when a lighted candle was made 
to move in a circle before it, the animal executed a corresponding movement 
with its head.* — The condition of such beings seems to resemble that of a 
Man, who is in a slumber sufficiently deep to lose all distinct perception 
of external objects, but who is yet conscious of sensations, as appears from 
the movements occasioned by light or by sounds, or from those which he 
executes to withdraw the body from an uneasy position. 

513. The results of other experiments made upon the Sensory ganglia 
themselves, and upon the organs from which they derive their impres- 
sions, confirm this view ; by showing that the ordinary movements are 
seriously perturbed, and that in some instances a new set of automatic 
movements is induced, when the normal relations between the sensory 
and motor apparatus are disarranged. Of the functions of the ganglia 
of special sense, those of the Corpora Quadrigemina are the chief which 
have been examined experimentally. The researches of Flourens and 
Hertwig have shown, that the connection of these bodies with the visual 
function, which might be inferred from their anatomical relations, is thus 
substantiated. The partial loss of the ganglion on one side produces partial 
loss of power and temporary blindness on the opposite side of the body, 
without necessarily destroying the mobility of the pupil ; but the removal 
of a larger portion, or complete extirpation of it, occasions permanent 
blindness and immobility of the pupil, with temporary muscular weakness 
on the opposite side. This temporary disorder of the muscular system 
sometimes manifests itself in a tendency to move on the axis, as if the 
animal were giddy. No disturbance of consciousness appears to be pro- 
duced ; and Hertwig states that he never witnessed the convulsions, which 
Flourens mentions as a consequence of the operation, and which were 

* It must not be forgotten that, in such experiments, the severity of the operation will 
of itself occasion a suspension or disturbance of the functions of parts that remain ; so that 
the lo8% of a power must not be at once inferred from the absence of its manifestations. 
But the jiermtence of a power, after the removal of a particular organ, is a clear proof 
that it cannot be the peculiar attribute of that organ. 
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probably occasioned by his incision llaving been carried too deeply. As 
Longet has justly remarked, it is difficult, if not impossible, to remove 
one or both of these ganglionic masses, without doing sueh an injury to 
the Crura Cerebri on which they repose, as shall in great degree account 
for such disturbed movements (§ 517). Irritation of one of the Tubercula 
Quadrigemina has been observed, both by Flourens and Longet, to produce 
contraction of the pupils of both eyes. — These results of experiment are 
partly confirmed by Pathological phenomena in Man ; for there are many 
instances on record, in which blindness has been one of the consequences 
of diseased alterations in one or both tubercles ; and in some of the cases 
in which the lesion extended to parts seated beneath the tubercles, dis- 
turbed movements were observed. — The subservience of these bodies to 
the exercise of the visual sense, appears, on the whole, to be the point 
best established in regard to their functions ; and considering the degree 
in which this sense is concerned in the regulation of the general move- 
ments of the body, it is not surprising that lesions of its centre should 
occasion a perversion of these movements. This appears the more pro- 
bable from the fact, that, in animals whose Sensory ganglia bear so large 
a proportion to the whole Encephalon, that we must look upon them as 
the principal centres of motor activity, instead of being chiefly concerned 
(as in Man) in the mere guidance of movements whose origin is Cerebral, 
lesions of the organ of sense from which the impressions that excite the 
sensori-motor impulses are derived, produce a corresponding disturbance. 
Thus Flourens found that a vertiginous movement may be induced in 
Pigeons by simply blinding one eye ; and Longet produced the same effect 
by evacuating the humours of the eye. 

514. It is probably on the same principle, that we are to account for 
the remarkable results obtained by Flourens* from section of the 
portion of the Auditory nerve proceeding to the Semicircular canals. 
Section of the horizontal semicircular canal in Pigeons, on both sides, in- 
duces a rapid jerking horizontal movement of the head, from side to side; 
and a tendency to turn to one side, which manifests itself whenever the 
animal attempts to walk forwards. Section of a vertical canal, whether 
the superior or inferior, of both sides, is followed by a violent vertical 
movement of the head. And section of the horizontal and vertical canals, 
at the same time, causes horizontal and vertical movements. Section of 
either canal on one side only, is followed by the same eficct as when the 
canal is divided on both sides ; but this is inferior in intensity. The 
movements continue to be performed during several months. In Kabbits, 
section of the horizontal canal is followed by the same movements as are 
exhibited by Pigeons ; and they are even more constant, though less 
violent. Section of the anterior vertical canal causes the animal to make 
continued forward ‘ somersets ; ’ whilst section of the posterior vertical 
canal occasions continued backward * somersets.’ The movements cease 
when the animal is in repose ; and they recommence when it begins to 
move, increasing in violence as its motion is more rapid. — These curious 
results are supposed by M. Flourens to indicate, that the nerve supplying 
the semicircular canals does not minister to the sense of hearing, but to 
the direction of the movements of the animal ; but they are fully explained 
upon the supposition, that the normal function of the semicircular canals 

♦ Op. cit. 
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is to mdicate to the aidmal the direction of soimds, and that its movements 
are partly determined these ; so that a destruction of one or other of 
them will produce an irregularity of movement (resulting, as it would seem, 
from a sort of giddiness on the part Of the animal), just as when one of the 
eyes of a bird is covered or destroyed, as in the experiments previously cited. 

515. The numerous experiments which have been made for the pur- 
pose of determining the ftinctions of the Thalami Optici and Corpora 
Striata, have not yielded any very satisfactory results; and this on account 
of the impossibility of completely isolating them, in such a manner as to 
limit the operation (whether this be section, removal, or irritation) to them 
alone. Thus it is impossible to remove them, either separately or con- 
jointly, without first removing the Cerebral Hemispheres; and the Tha- 
lami cannot be entirely removed, without dividing the stratum of fibres 
which traverse their deeper portion in their passage to the Corpora Striata. 
— The Thalami Optici have not that relation to the visual sense which 
their designation would imply; for (according to the affirmation of Longet) 
they may be completely destroyed in Mammals and Birds, without de- 
struction of sight or loss of the activity of the pupil. And irritation 
of one or both of them produces no contraction of the pupil. It seems 
probable, therefore, that the loss of sight with dilatation and immobility 
of the pupil, which is frequently observed in cases of apoplectic effusion 
into the substance of the Thalami, is really due to the compression of the 
Optic nerves which lie beneath them. These bodies appear, however, to 
possess a very decided influence on the power of voluntary movement ; 
for although an animal maintains its balance, and can be made to move 
onwards, after the removal of the Cerebral Hemispheres, and even after 
the removal of the Corpora Striata, yet if either of the Thalami Optici be 
removed, the sensibility and power of voluntary movement are destroyed 
on the opposite side of the body, and the animal consequently falls over to 
that side (Longet). If, instead of the entire removal of one of the Tha- 
lami, an incision be made in it without the previous removal of the Cere- 
brum, the animal keeps turning to one side in a circular manner {evolu- 
tion du manege ') : according to Longet and Lafargue, this movement is 
directed in the rabbit towards the opposite side ; whilst Flourens states that 
in the frog its direction is towards the injured side ; and according to 
Schifi^ the destruction of the three anterior fourths of this organ in the rabbit 
determines this movement towards the injured side, whilst that of the pos- 
terior fourth determines the movement towards the opposite side. Brown- 
S^quard attributes the rolling movements in many of these cases to cer- 
tain muscles being in a state of spasm, in other instances to vertigo. No 
mechanical irritation of the Thalami produces either signs of pain or mus- 
cular movement; and this fact might at first appear to negative the doctrine 
that these organs are the ganglia of common sensation. But it must be 
borne in mind that the production of pain by mechanical injuries is by no 
means an universal phenomenon in the case of the nerYQ-trunhs which 
minister to sensation, — the olfactive, optic, and auditory nerves being 
exempted ; and it need occasion still less surprise, therefore, that a ner- 
vous centre should be destitute of this kind of impressibility, which we 
have seen to be wanting also in the Spinal Cord. 


Boser and Wunderlich’s *‘Archiv fUr Physiol. Heilkunde,” 1846, § 667. 
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616. The effects of lesions of the Corpora Stmrta axe le0e distinctly 
marked. It was affirmed by Magendie that tjhere exists in t^em a motor 
power which excites backward movement, and thdt a correi^nding power 
of exciting /ort«;ar6? movement exists in the Cerebellum; that these two 
powers ordinarily balance one another; but that if either organ be re- 
moved, the power of the other will occasion a continual automatic move- 
ment, the removal of the Corpora Striata causing an irresistible tendency 
to forward progression, whilst the division of the peduncles of the Cere- 
bellum (according to him) occasions the reverse movement. These 
assertions, however, have not been confirmed by other experimenters. 
According to Longet,* * * § Schiff,*!* and Lafargue, J the results of removal of the 
Corpora Striata with the anterior part of the Cerebral hemispheres, are for 
the most part negative ; for the animal usually remains in a state of pro- 
found stupor, although still retaining the erect position ; and it is only 
when irritated by pinching or pricking, that it will execute any rapid 
movements. No mechanical irritation of the Corpora Striata produces 
either signs of pain or muscular movement. 

517. When the fibrous tracts which connect these ganglionic masses 
with the Medulla Oblongata, and which are commonly (but erroneously) 
designated as the Crura Cerebri^ are completely divided, the result, as 
might be anticipated, is the annihilation of sensibility and of the power of 
voluntary movement in the body generally. § When, however, the Crura 
Cerebri of a rabbit are not completely divided, but one of them is partially 
cut-through, a little in front of the Pons Varolii, the animal is said by 
Longet and Schiff to exhibit a constant tendency to turn towards the side 
opposite to that of the lesion, so that it performs the circular evolution du 
manege ; the diameter of its circle of movement being smaller, in propor- 
tion as the incision approaches the edge of the Pons. But if one of the 
Crura be completely divided, the animal then falls-over on the opposite 
side ; the limbs of that side being paralyzed to the influence of the Ence- 
phalic centres, though they may be still caused to exhibit reflex motions. 
Hence it appears that the circular movements which are performed after 
incomplete lesions of the Crus Cerebri and Thalamus Opticus of either 
side, are due to the weakening of the sensori-motor apparatus of the oppo- 
site side, whereby the balance of the muscular actions of the two sides is 
destroyed. Nearly the same results have been obtained on this point by 
Longet, Lafargue, and Schiff. 

518. Considerable importance is attached by some Physiologists to the 
part of the Encephalon known as the Tuber Annulare, to which the name 
of Mesocephale has also been given. This is not altogether synonymous 
with the Pons Varolii, as some Anatomists have represented it; for, 
while the latter consists of transverse fibres which form the commissure 

* Op. cit. f vi motoriA baseos Encephali,” Bockenhemii, 1846. 

X ^'Essai BUT la Yalenr des Localisations Eoc6phaliques/* &o., Tbdse Inang., Pant, 

1838. 

§ It is considered by Longet that these functions are not completely destroyed, because 
the animals on whom this operation has been performed still retain some power of move- 
ment, and respond by cries to impressions that ordinarily produce pain. There is no proof, 
however, that such actions are other than ‘ excito- motor they &rtidnly cannot in them- 
selves be admitted as proving the persistence of conscionsness in the lower segment of the 
Cerebro-Spinal axis. (See Brown-S6quard, Central Nervous System," 1860, p. 226 ; 
and Schroeder v. d. Kolk, Syd. Soc. Trans., 1869, p. 76.) 
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betWOWi the hemispheres of the Cerebellum, surrounding and passing be- 
tween the longitudinal fibres of the Sensory and Motor tracts which con-^ 
stitute the Crura Cerebri, the Tuber Annulare (which exists in animals 
whose Cerebellum has no hemispheres) is a projection from the surface of 
the proper Medulla Oblongata, containing a considerable nucleus of vesi- 
cular matter. M. Brown- S^quard* ** has drawn the following conclusions 
respecting the functions of this part of the Bncephalon, chiefly based on 
pathological evidence : — 1. That the restifoim bodies and their prolonga- 
tions into the Pons, and into the Cerebellum, are not, as has been supposed, 
the conductors of sensory impressions. 2. That whilst hypersesthesia 
occurs on the same side of the body, when the Spinal Cord is injured, 
especially in its posterior part, it appears on the opposite side of the body 
when a section is made either of the anterior or posterior surface of the 
Pons ; and this he believes to favour his view of the decussation of the 
sensory fibres in the Cord, and to be opposed to the old view of the 
decussation of these fibres below the Tubercula Quadrigemina, or in 
the substance of the Pons itself. 3. The transmission of sensory im- 
pressions in the Pons appears to be chiefly effected by its central portion, 
whilst the anterior portion is chiefly instrumental in the conduction 
of the mandates of the Will to the Muscles. The experiments of Longet 
led him, to the conclusion, that the Tuber Annulare, the structure of 
which is very complicated, is an independent centre of sensation and 
of motor power ; but they do not afford any clear information as to its 
special attributes. He states, however, that convulsive movements are 
excited by irritating it, and especially by the transmission of an electric 
current through its substance. These movements, however, according 
to the testimony of Dr. Todd, appear to be of a different character 
from those which are excited by the application of the same stimulus to 
the Spinal Cord and Medulla Oblongata ; for he states that whilst the 
convulsions excited by the transmission of the current of the magneto- 
electric machine through the parts just named, are tetanic^ the muscles 
being thrown into a state of fixed contraction, — those which ensue when 
the current is transmitted through the region of the Mesocephale and Cor- 
pora Quadrigemina, are epileptic^ being combined movements of alternate 
contraction and relaxation, flexion and extension, affecting the muscles of 
all the limbs, of the trunk, and of the eyes, which roll-about just as in 
epilepsy, f 

519. The evidence afforded by Pathology regarding the functions of 
these Ganglionic masses, is far from being self-consistent; and this arises, 
it may be surmised, from the circumstance that the effects of morbid 
changes (particularly of sanguineous effusions) in any part of the Ence- 
phalon, extend themselves to other parts than those in which the obvious 
lesions are found ; as is abundantly proved by the great variety of pheno- 
mena which present themselves as the results of lesions apparently similar, 
and by the similarity of the phenomena that are frequently consequent 
upon lesions of very different parts. So far as is yet known, extensive 
disease of either the Thalamus Opticus or the Corpus Striatum, of one 


* “ Journ. de la Physiol.,” vol. i. p. 762 ; vol. ii. p. 121. 

t Lamleian Lectures * On the Pathology and Treatment of Conyulsive Diseases,’ in 

** Medical Gazette,” May 11, 1849. 
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side produces hemiplegia, or paralysis both of sensation and motion, on 
the opposite side. The same result very commonly follows an apoplectic 
effusion into the substance of either; and although it has been maintained 
that when the lesion is limited to the Corpus Striatum the posterior mem- 
ber is peculiarly or alone affected, and that lesion of the Thalamus Opticus 
alone has a special tendency to occasion paralysis of the anterior member, 
yet the careful analysis which has been made by Andral* into the patho- 
logical phenomena afforded by seventy-five cases of paralysis in which the 
apoplectic effusion was limited to one or other of these bodies, does not 
afford the least countenance to any such doctrine. And it is affirmed by 
Longet, that injury or removal of the Corpus Striatum of one side did not, 
in his experiments, affect the posterior more than the anterior limb ; nor 
could he detect any difference in the condition of these limbs after the 
removal of the Thalamus. — Turckf gives four cases of apoplexy or 
ramollissement of the Brain, in which with either permanent or transient 
hemiplegia there was intense and permanent anaesthesia of the same side 
of the body. The whole of the Cerebrum was sound, except in all cases 
the external part of one Optic Thalamus, where was a lesion of the Cere- 
bral substance of considerable length, though not in most instances ex- 
tending before or behind the Optic Thalamus4 

620. In employing the information derived from the foregoing sources, 
as a guide in the inquiry into the part performed by the Sensory 
Ganglia in the ordinary operations of the Cerebro- Spinal system, we 
have to distinguish, as in the case of the Spinal Cord, between their 
operation as independent centres, and their action in subservience to the 
Cerebrum, which is superposed upon them. — We have seen reason to 
conclude that, in their former capacity, they are to be regarded as the 
true scat of Sensation {i.e, the material instruments through which the 
consciousness becomes affected by external impressions), and as the 
instrument, in virtue of their own ^ reflex ’ power, of that class of 
Instinctive or Automatic movements, which require to be prompted and 
guided by sensations, and which cannot, therefore, be referred to the 
excito -motor group. But although it is sufficiently obvious that such 
movements constitute the highest manifestations of Animal life in the 
Invertebrata generally, and that they are but little modified by any 
higher principle of action even in the lower Vertebrata, yet it is no less 
obvious that in adult Man, in whom the Intelligence and Will are fully 
developed, we have comparatively little evidence of this independent 
reflex action of the Sensory Ganglia : — all those automatic actions which 
are immediately necessary for the maintenance of his Organic life, being 
provided-for by the excito-motor portion of the apparatus, so that 
although sensation ordinarily accompanies most of them, it is not 
essential to them ; whilst those which are necessary to provide more 
remotely for its requirements, are for the most part committed to the 
guidance of his Reason. For the impressions which have been brought 
by the afferent nerves to his Sensorium, and which have there produced 
sensations, do not in general react at once upon the motor apparatus (as 
they do in those animals in which the Sensory Ganglia are the highest 

* “ Clinique M6dicale,” tom. ii. p. 664 c^ «ej. 

+ ^'Wiener Sitzungsherichte,’* xxxvi., 1869, p. 191. 

X See Heole and Meissner, 1859, p. 617. 
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of the nervous centres), but usually transmit their influence upwards to 
the Cerebrum, through whose instrumentality they give rise to ideas 
and reasoning processes, which operate upon the motor apparatus either 
emotionally or volitionally. And it is for the most part only when this 
upward transmission is checked, either by the non-development or the 
functional inactivity of the Cerebrum, or by its complete occupation in 
some other train of action,— or, on the other hand, when the reflex 
action of the Sensory ganglia is called into play with unusual potency, — 
that we have any manifestations of the sensori-motor or consensual 
mode of operation in Man, that are at all comparable in variety or im- 
portance to those instinctive acts which are so remarkable in the lower 
animals (§ 430). 

621. Still, sufficient evidence of the existence of this class of reflex 
movements may be drawn from observation of the actions of Man in his 
ordinary condition ; examples of it being furnished (as we have seen) by 
the closure of the eyes to a dazzling light, the start caused by a loud and 
unexpected soxmd, and the sneezing excited by sensory impressions on 
the Schneiderian membrane or on the Eetina. To these may be added 
the vomiting produced by various sensory impressions, as the sight of a 
loathsome object, a disagreeable smell, a nauseous taste, or that peculiar 
feeling of want of support which gives rise to ‘ sea-sickness,’ especially 
when combined with the sight of continually-shifting lines and surfaces, 
which itself in many individuals disposes to the same state ; the in- 
voluntary laughter which is excited by tickling, and also that which 
sometimes bursts-forth at the provocation of some sight or sound to 
which no ludicrous idea or emotion can be attached ; the yawning which 
is excited by an internal sensation of uneasiness (usually arising from 
deficient respiration), or by the sight or sound of the act as performed 
by another ; and those involuntary movements of the body and limbs, 
excited by uneasy sensations (probably muscular), which are commonly 
designated as ‘ the fidgets.’ When the reflex activity of the Sensory 
ganglia is more strongly excited, in consequence either of an unusual 
potency of the sensory impressions, or of an unusual excitability of this 
part of the nervous centres, a much greater variety of sensori-motor 
actions is witnessed. The powerful involuntary contraction of the orbi- 
cularis and of the muscles which roll the eyeball upwards and inwards, 
in cases of excessive irritability of the retina (§ 505), is one of the best 
examples of this kind ; but another very curious illustration is afforded 
by the involuntary abridgment of the excito-motor actions of respiration, 
when the performance of these is attended with pain, — the dependence of 
this abridgment upon the direct stimulus of sensation, rather than upon 
voluntary restraint, being obvious from the fact that it often presents 
itself on one side only, a limitation which the Will cannot imitate. 
Again, there are certain Convulsive disorders which appear to depend 
upon an undue excitability of these centres, the paroxysms being excited 
by impressions which act through the organs of sense, and are not thus 
operative unless the patient be conscious of them ; thus in Hydrophobia, 
we observe the immediate influence of the sight, sound, or contact, of 
liquids, or of the slightest currents of air, in exciting muscular contrac- 
tions ; and in many Hysteric subjects, the sight of a paroxysm in another 
individual is the most certain means of its induction in themselves. A 
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remarkable case of this general exaltation of purely sensorial excitability 
has been recorded by Dr. Cowan ; who gives the following account of its 
phenomena, which can scarcely be referred to any other than this cate- 
gory. The shadow of a bird crossing the window, though the blind and 
bed-curtains are closed, the displacement of the smallest portion of the 
wrick of a candle, the slightest changes in the firelight, induce a sudden 
jerking of the spinal muscles, extending to the arms and legs when 
violent, and this without the slightest mental emotion of any t:ind 
beyond a consciousness of the movement. At times the vocal organs are 
implicated, and a slight cry, quite involuntary, takes place. At these 
periods she is unusually susceptible of all noises, especially the least ex- 
pected and least familiar. Movements in the next house inaudible to 
others, the slightest rattle in the lock of a door, tearing a morsel of paper, 
and a thousand little sources of sound not to be catalogued, induce results 
similar to those of visual impressions.”* 

622. It is, however, when the Cerebrum is not in a state which renders 
it capable of receiving and acting-upon Sensorial impressions, that we 
find the independent reflex activity of the Sensory ganglia most strikingly 
displayed. Thus in the Infant, for some time after its birth, it is obvious 
to an attentive observer, that a large part of its movements are directly 
prompted by sensations to which it can as yet attach no distinct ideas, and 
that they do not proceed from that purposive impulse which is essential 
to render them voluntary. This is well seen in the efforts which it 
makes to find the nipple with its lips ; being probably guided thereto at 
first by the smell, but afterwards by the sight also ; when the nipple has 
been found, the act of suction is purely excito-motor, as already explained. 
So in the Idiot whose brain has never attained its normal development, 
the influence of sensations in directly producing respondent movements 
is obvious to all who examine his actions with discrimination ; and a re- 
markable case has been described, j* in which an entire, though temporary 
suspension of Cerebral power, reducing the subject of it to the condition 
of one of the lowest Vertebrata, gave a very satisfactory proof of the 
independent activity of this division of the Encephalic centres. 

523. But we do not require to go so far in search of characteristic 
examples of this kind of reflex action ; since they are afforded by the 
performance of habitual movements, which are clearly under Sensorial 
guidance, when the Cerebrum is occupied in some train of action alto- 
gether disconnected with them. An individual who is subject to ‘absence 
of mind,’ may fall into a reverie whilst walking the streets ; his attention 
may be entirely absorbed in his train of thought, and he may be utterly 
unconscious of any interruption in its continuity ; and yet during the 
whole of that time his limbs shall have been in motion, carrying him 
along the accustomed path, whilst his vision shall have given to these 
movements the direction which is requisite to guide him along a parti-* 
cular line, or to move him out of it for the avoidance of obstacles. As 
already pointed-out (§ 498), there seems strong reason for regarding the 
ambulatory movements of the limbs as in themselves excito-motor ; but 
the guidance of these movements by the visual sense indicates the parti- 
cipation of the Sensorium in this remarkable performance. — It has been 
maintained by some Metaphysicians and Physiologists, tiaat these ^ seoon- 
* Lancet,” Oct. 4, 1845. f Ibid., Nov. 16 and 29, 1845. 
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darily automatic’ actions always continue to be voluntary, because tbeir 
performance is originally due to a succession of volitional acts, and 
because, in any particul^ case, it is the Will which first excites them, 
whilst an exertion of the Will serves to check them at any time. But 
this doctrine involves the notion that the Will is in a state of pendulum- 
like oscillation between the train of thought and the train of movement ; 
whereas nothing is more certain to the individual who is the subject of 
both, than that the former may be as xminterrupted as if the body were 
perfectly at rest, and his reverie were taking place in the quietude of his 
own study. And as it commonly happens that the direction taken is that 
in which the individual is most in the habit of walking, it will not un- 
jfrequently occur that if he had previously intended to pursue some other, 
he finds himself, when his reverie is at an end, in a locality which may 
be very remote from that towards which his walk was originally destined ; 
which would not be the case, if his movements had been still under the 
purposive direction of the will. And although it is perfectly true that 
these movements can be at any time checked by an effort of the will, yet 
this does not really indicate that the will has been previously engaged in 
sustaining them ; since, for the will to act upon them at all, the attention 
must be recalled to them, and the Cerebrum must be liberated from its 
previous self-occupation. And the gradual conversion of a volitional into 
an automatic train of movements, so that at last this train, once started, 
shall continue to run-down of itself, will be found to be leas improbable 
than it would at first appear, when it comes to be xmderstood that the 
mechanism of both sets of actions is essentially the same, and that they 
merely differ as regards the nature of the stimulus which originally 
excites them (§ 532). That the same automatic movements are not 
excited by the same sensations, when the Cerebrum is in its ordinary state 
of functional connection with the Sensorium, is a fact entirely in harmony 
with the principle already laid-down (§§439, 440). The complete occupa- 
tion of the mind in other ways, as in close conversation or argument, or 
even (it may be) in the voluntary direction of some other train of muscular 
movements, is no less favourable than the state of reverie to that inde- 
pendent action of the Automatic centres which has been now described. 

524. In the state of entire functional activity of the nervous centres 
of Man, however, there can be no doubt that the operation of the Sensory 
Ganglia is entirely subordinated to that of the Cerebrum ; and that it 
furnishes an essential means of connection between the actions of the 
Cerebrum on the one hand, and those of the organs of Sense and Motion 
on the other, by the combination of which the Mind is brought into 
relation with the external world. For, in the first place, it may be 
affirmed with certainty that no mental action can be originally excited, 
save by the stimulus of Sensations ; and it is the office of the Sensory 
ganglia to form these out of the impressions brought to them from 
the organs of sense, ^nd to transmit such sensorial changes to the 
Cerebrum. But they have a no less important participation in the 
downward action of the Cerebrum upon the motor apparatus ; for no 
voluntary action can be performed without the assistance of a guiding 
sensation^ as was first prominently stated by Sir C. Bell.* — In the 

* See his chapter ‘ On the Nervous Circle which connects the Voluntary Muscles with 
ffie Br^n,' in his work, ^^On the Nervous System of the Human Body.” 
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majority of cases, the guiding or controUmg Bensation is derived from 
the muscles themselves, of whose condition we are rendered cc^^uzant 
by the sensory nerves with which they are iumished ; but there are 
certain cases in which it is ordinarily derived from one of the special 
senses, and in which the ‘muscular sense’ can only imperfectly supply 
the deficiency of such guidance ; whilst, again, if the ‘ muscular sense’ be 
deficient, one of the special senses may supply the requisite information. 
The proof of this necessity is fiimi^ed by the entire impossibility of 
making or sustaining voluntary efforts, without a guiding sensation oj 
some kind. Thus, in complete anaesthesia of the lower extremities, 
without loss of muscular power, the patient is as completely unable to 
walk as if the motor nerves had also been paralyzed, unless the deficient 
sensorial guidance be replaced by some other ; and in similar affections 
of the upper extremities, there is a like inability to raise the limb or to 
sustain a weight. But in such cases, the deficiency of the ‘ muscular 
sense ’ may be made good by the visual ; thus, the patient who cannot 
feel either the contact of his foot with the ground, or the muscular effort 
he is making, can manage to stand and walk by looking at his limbs ; 
and the woman who cannot feel the pressure of her child upon her arms, 
can yet sustain it so long as she keeps her eyes fixed upon it, but no 
longer, — the muscles ceasing to contract, and the Hmb dropping power- 
less, the moment that the eyes are withdrawn from it. Thus it is, too, 
that when we are about to make a muscular effort, the amount of force 
which we put-forth is governed by the mental conception of that which 
will be required, as indicated by the experience of former sensations ; 
just as the contractions of the muscles of vocalization are regulated by 
the conception of the sound to be produced. Hence if the weight be 
unknown to us, and it prove either much heavier or much lighter than 
was expected, we find that we have put-forth too little or too great a 
muscular effort. 

525. There are two groups of muscular actions, however, which, 
although no less voluntary in their character than the foregoing, axe yet 
habitually guided by other sensations than those derived from the 
muscles themselves. These are, the movements of the Eyeball, and those 
of the Vocal apparatus. — The former are directed by the visual sense,* 
by which the action of the muscles is guided and controlled, in the same 
manner as that of other muscles is directed by their own ‘ muscular 
sense ’ ; and hence it happens that, when we close our eyes, we cannot 
move them in any required direction without an effort that strongly 
calls-forth the muscular sense, by which the action is then guided. In 
persons who have become blind after having once enjoyed sight, an asso- 
ciation is formed by habit between the muscular sense and the con^ 
tractile action, that enables the former to serve as the guide after the loss 
of the visual sense ; but in those who are born perfectly blind, or who 
have become so in early infancy, this association is never formed, and 
the eyes of such persons exhibit a continual indeterminate movement, 
and cannot by any amount of effort be steadily fixed in one spot, or be 
turned in any definite direction. A very small amount of the visual 
sense, however, such as serves merely to indicate the direction of light, 

* See Dr. Alison’s Memoir on the ‘ Anatomical and Physlologioal Inferenoes fma. the 
Study of the Nerves of the Orbit,’ in “ Trans, of Eoy. Spc. of v<d. XT. 
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is sufficient for the government of the movements of the eyeball. — In 
the production of vocal sounds, again, that nice adjustment of the 
musdes of the Larynx, which is requisite to the giving-forth of deter- 
minate tones, is ordinarily directed by the auditory sense : being learned 
in the first instance under the guidance of the sounds actually pro- 
duced ; but being subsequently effected voluntarily, in accordance with 
the mental conception (a sort of inward sensation) of the tone to be 
uttered, which conception cannot be formed, unless the sense of hearing 
has |)reviously brought similar tones to the mind. Hence it is that 
persons who are born deafy are also dumb. They may have no malfor- 
mation of the organs of speech ; but they are incapable of uttering 
distinct vocal sounds or musical tones, because they have not the guiding 
conception, or recalled sensation, of the nature of these. By long 
training, however, and by imitative efforts directed by muscular sensa- 
tions in the larynx itself, some persons thus circumstanced have acquired 
the power of speech ; but the want of a sufficiently definite control over 
the vocal muscles is always very evident in their use of the organ. — It 
is very rarely that a person who has once enjoyed the sense of hearing, 
afterwards become so completely deaf, as to lose all auditory control over 
his vocal organs. An example of this kind, however, has been commu- 
nicated to the public by a well-known author, as having occurred in 
himself; and the record of his experiences* contains many points of 
much interest. The deafness was the result of an accident occurring in 
childhood, which left him for some time in a state of extreme debility ; 
and when he made the attempt to speak, it was with considerable pain in 
the vocal organs. This pain probably resulted from the unaccustomed 
effort which it was necessary to make, when the usual guidance was 
wanting ; being analogous to the uneasiness which we experience, when 
we attempt to move our eyes with the lids closed. His voice at that 
time is described as being very similar to that of a person born deaf- 
and-dumb, but who has been taught to speak. With the uneasiness in 
the use of the vocal organs, was associated an extreme mental indispo- 
sition to their employment; and thus, for some years, the voice was 
very little exercised. Circumstances afterwards forced it, however, 
into constant employment ; and great improvement subsequently took 
place in the power of vocalization, evidently by attention to the indi- 
cations of the muscular sense. It is a curious circumstance fully con- 
firming this view, that the words which had been in use previously to 
the supervention of the deafness, were still pronounced (such of them, 
at least, as were kept in employment) as they had been in childhood ; 
the muscular movements concerned in their articulation having still been 
guided by the original auditory conception, in spite of the knowledge 
derived from the information of others that such pronunciation was 
erroneous. On the other hand, all the words subsequently learned 
were pronounced according to their spelling ; the acquired associations 
between the muscular sensations and the written signs being in this 
case the obvious guide. 

526. It is through the ^muscular sense,’ in combination with the 
visual and tactile, that those movements are regulated which are con- 
cerned alike in ordinary progression, and in the maintenance of the 
* See the ** Lost Senses,** by Dr. Kitto ; vol. i., chapters 2 and 8. 
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equilibrium of the body. That the visual sense has, in most persons, a 
large share in this regulation, is evident from the simple feet, that no 
one who has not been accustomed to the deprivation of it, can continue 
to walk straight-forwards, when blind-folded, or in absolute darkness, 
towards any point in the direction of which he may have been at first 
guided. But the blind man, who has been accustomed to rely exclu- 
sively upon his muscular sense, has no difficulty in keeping to a straight 
path; and moves onwards with a confidence which is in remarkable 
contrast with the gait of a man who has been deprived of sight for the 
occasion only. In fact, as Mr. Mayo has well remarked,* in our ordinary 
movements, “ we loan upon our eyesight as upon crutches.” — ^When our 
vision, however, instead of aiding and guiding us, brings to the mind 
sensations of an antagonistic character, our movements become uncer- 
tain, from the loss of that power of guidance and control over them, 
which the harmony of the two sensations usually gives. Thus a person 
unaccustomed to look down heights, feels insecure at the top of a tower 
or a precipice, although he knows that his body is properly supported ; 
for the void which he sees below him contradicts (so to speak) the 
tactile sensations by which he is made conscious of the due equilibrium 
of his body. So, again, although any one can walk along a narrow 
plank, which forms part of the floor of a room, or which is elevated but 
a little above it, without the least difficulty, and even without any con- 
sciousness of effort, if that plank be laid across a chasm, the bottom 
of which is so far removed from the eye that the visual sense gives no 
assistance, even those who have braced their nerves against aU emotional 
distraction, feel that an effort is requisite to maintain the equilibrium 
during their passage over it ; that effort being aided by the withdrawal of 
the eyes from the abyss below, and the fixation of them on a point 
beyond, which at the same time helps to give steadiness to the move- 
ments, and distracts the mind from the sense of its danger. The degree 
in which the ‘ muscular sense ’ is alone sufficient for the guidance of such 
movements, when the mind has no consciousness of the danger, and 
when the visual sense neither affords aid nor contributes to distract the 
attention, is remarkably illustrated by the phenomena of Somnam- 
bulism ; for the sleep-walker traverses, without the least hesitation, the 
narrow parapet of a house, and crosses narrow and insecure planks, 
clambers roofs, &c., under circumstances that clearly indicate the nature 
of the guidance by which he is directed. — The dependence of our ordi- 
nary power of maintaining our equilibrium, upon the combination of the 
guiding sensations derived through the sight and the touch, is further 
well illustrated, as Mr. Mayo has pointed-out (loc. cit.), by what happens 
to a landsman on first going to sea. ‘‘ It is long before the passenger 
acquires his ‘ sea-legs.’ At €rst, as the ship moves, he can hardly keep 
his feet ; the shifting lines of the vessel and surfece of the water unsettle 
his visual stability ; the different inclinations of the planks he 8 taiids- 0 ii, 
his muscular sense. In a short time, he learns to disregard the shifriTig 
images and changing motions, or acquires facility in adapting himself 
(like one on horseback) to the different alterations in the line of direction 
in his frame.” And when a person who has thus learned by habit to 
maintain his equilibrium on a shifting surfece, first treads upon firm 
*** ** Outlines of Physiology/’ 8rd edit, p. 855. 
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groimd, be fe^ almost as much at fault as he did. when he first 

went to sea ; and it if only after being some time on shore, that Ke is 
able to resume his priginld manner of walking. Indeed, tnosf of those 
who spend the greater part of their time at sea, acquire a peculiar gait, 
which becomes so habitual to them, that they ^e never able to throw 
it off. ^ 

527. But further, there is very strong physiological evidence, that the 
Sensory Ganglia are not merely the instruments whereby our voluntary 
movements are directed and controlled, in virtue of the guiding sen- 
sations which they furnish, but that they are actually the immediate 
centres of the motor influence which excites muscular contractions, in 
obedience to impulses transmitted downwards from the Cerebrum. It 
has usually been considered that the Cerebrum acts directly upon the 
muscles, in virtue of a direct continuity of nerve-fibres from the grey 
matter of its convolutions, through the Corpora Striata, the motor 
tract of the Medulla Oblongata, the anterior portion of the Spinal 
Cord, and the anterior roots of the nerves ; and that in the performance 
of any voluntary movement, the Will determines the motor force to the 
muscle or set of muscles by whose instrumentality it may be produced. 
To this doctrine, however, the anatomical facts already stated con- 
stitute a very serious objection ; for the motor tract cannot be stated 
with certainty to have any higher origin than the Corpora Striata ; and 
it is impossible to imagine that the fibres which converge towards the 
surface of these bodies from all parts of the Cerebrum, can be so 
closely compacted-together as to be included in the motor columns of 
the Spinal Axis. The fact would rather seem to be, that these con- 
verging fibres bear the same kind of anatomical relation to the Corpora 
Striata and the other Sensorial centres of motor power, as do the fibres 
of the afferent nerves which proceed to them from the Eetina, the 
Schneiderian membrane, and other peripheral expansions of nervous 
matter ; and hence we might infer that the nerve-force generated in the 
convolutions, instead of acting immediately on the motor nerves, is first 
directed towards the Automatic centres, and excites the same kind of 
motor response in them, as would be given to an impression transmitted 
to them through a sensory nerve. We shall find that such a view of 
the structural arrangements of these parts is in remarkable accordance 
with their functional relations, as indicated by a careful analysis of the 
mechanism of what is commonly regarded as ‘ volimtary ’ movement. 
The Cerebrum may thus call the motor apparatus into action, as the 
instrument either of ideas^ of emotions j or of volitional determinations; but 
we must limit our present examination to voluntary movements alone, 
these having been usually regarded as in such complete antagonism to 
those of the automatic group, that even separate sets of nerve-fibres have 
been thought requisite, to account for the transmission of these two dis- 

' tinct orders of motoa: impulses to the muscles. 

528. Now in the first place, it may be asserted with some confidence, 
that no effort of the Will can exert that direct influence on the muscles, 
which our ordinary phraseology, and even the language of scientific 
reasoners, would seem to imply ; but, on the other hand, that the Will is 
solely concerned in determining the result; the selection and combination 
of muscular movements required to bring about this result, not being 
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effected' by the Will, but by some intermediate ag^cy. If it were 
otherwise, we should be dependent upon anatomical khowledge for our 
power of performing the simplest movement of the body ; whereas we 
find the fact to be, that the man who has not the le^ idea of the 
mechanism of muscular action, can acquire as complete a command 
over his movements, and can adapt them as perfectly to tlie desired end, 
as the most accomplished anatomist could do. Further, we cannot, by 
any exertion of the will, single-out a particular muscle, and throw it into 
contraction by itself, unless that muscle be one which is alone concerned 
in an action that we can voluntarily perform ; and even then we single it 
out by willing the action. Thus we can put the levator palpehrce in 
action by itself; but this we do, not by any conscious determination of 
power to the muscle itself, but by willing to raise the eyelids ; and it is 
only by our anatomical knowledge that we know that but a single muscle 
is concerned in this movement. So far as our own consciousness can 
inform us, there is no difference between the mechanism of this action 
and that of the flexion of the knee- or elbow- joint ; and yet in these 
latter movements, several muscles are concerned, not one of which can be 
singled-out by an effort of the will, and thrown into action separately 
from the rest. — The idea that the will is directly exerted upon the muscles 
called into action to produce a particular movement, may seem to derive 
some support from the sense of muscular effort of which we are conscious 
in making the exertion, and which we refer to the muscles 'which are 
concerned in it ; but this sense of effort is nothing else than the ^ mus- 
cular sense ’ already alluded-to, which has its origin in the state of tension 
of the muscles, and which is no more an indication of mental effort 
directed to them, than the sensation of light or sound is an indication of 
a determination of voluntary power to the eyes or ears. 

529. There are two cases, already referred-to under another head, in 
which it is very easy to show that the Will is concerned with the result 
alone, and is not directly exerted upon the instruments by which that 
result is brought-about : these are, the movements of the Eyes, and the 
production of Vocal tones. In neither of them are we conscious of any 
effort in the muscular apparatus, unless the contraction be carried beyond 
its accustomed extent ; the ordinary movements being governed, as already 
remarked, not by the muscular sense, but by the visual and auditory 
senses respectively. — Nothing can be more simple, to all appearance, 
than the act of turning the eyes upwards or downwards, to one side or 
the other, in obedience to a determination of the Will ; and yet the Will 
does not impress such a determination upon the muscles. That which 
the Will really does, is to cause the eyeballs to roll in a given direction, 
in accordance with a visual sensation ; and it is only when there is an 
object towards which the eyes can be turned, that we can move thfm 
with our usual facility. When the eyelids are closed, and we attempt til 
roU the globes upwards or downwards, to one side or to the other, we Ifeef 
that we can do so but very imperfectly, and with a sense of effort referred 
to the muscles themselves, — ^this sense being the result of the state of 
tension in which the muscles are placed by the effort to move the eyes 
without the guiding visual sensation. Now, on the other hand, the Will 
may determine to fix the eyes upon an object ; and yet this very fixation 
may be only attainable by a muscular movement, which movement is 



560 


FUNCTIONB OF THE CSfiEBBO-SPIKAL KFBVOUS STSTEH. 


directly excited W the visual sense, ipHthout any exertion of voluntary 
power over the BSuscles. Such is the case when we determinately look 
steadily at an object, whilst we move the head horizontally from side to side ; 
for the eyeballs will then be moved in the contrary direction by a kind of 
instinctive effort of the external and internal recti, which tends to keep the 
retinae in their first position, and to prevent the motion of the images 
over them. So, when we look steadily at an object, and incline the head 
towards either shoulder, the eyeballs are rotated upon their antero -pos- 
terior axis (probably by the agency of the oblique muscles) apparently 
with the very same purpose, — ^that of preventing the images from moving 
over the retinae (see chap, xiii., Sect. 3). Now we cannot refuse to this 
rotation any of the attributes which really characterize the so-called 
voluntary movements ; and yet we are not even informed by obr own 
consciousness that such a movement is taking place, but know it only by 
observation of others, or by the reflection in a mirror. 

530. The muscular contractions which are concerned in the production 
of Vocal tones, are, in like manner, always accounted voluntary ; and yet 
it is easy to show that the Will has no direct power over the muscles of 
the larynx. For we cannot raise or depress the larynx as a whole, nor 
move the thyroid cartilage upon the cricoid, nor separate or approximate 
the arytenoid cartilages, nor extend or relax the vocal ligaments, by 
simply willing to do so, however strongly. Yet we can readily do any 
or all these things, by an act of the Will exerted for a specific purpose. 
We conceive of a tone to he produced, and we will to produce it ; a 
certain combination of the muscular actions of the larynx then takes 
place, in most exact accordance with one another ; and the predetermined 
tone is the result. This anticipated or conceived sensation is the guide 
to the muscular movements, when as yet the utterance of the voice has 
not taken place ; but whilst we are in the act of speaking or singing, the 
contractile actions are regulated by the present sensations derived from 
the sounds as they are produced. — It can scarcely but be admitted, then, 
that the Will does not Erectly govern the movements of the Larynx ; but 
that these movements are immediately dependent upon some other agency. 

531. Now what is true of the two preceding classes of actions, is 
equally true of all the rest of the so-called voluntary movements ; for in 
each of them the power of the Will is really limited to the determination 
of the result ; and the production of that result is entirely dependent upon 
the concurrence of a ‘ guiding sensation,’ which is usually furnished by 
the very muscles that are called into action. It is obvious, therefore, 
that we have to seek for some intermediate agency, which executes the 
actions determined by the Will ; and when the facts and probabilities 
already stated are duly considered, they tend strongly in favour of the 

* that even Voluntary movements are executed by the instrumentality 
Automatic apparatus, and that they differ only from the automatic 
^ ii^tinctive in the nature of the stimulus by which they are excited, — 
the determination of the Will here replacing, as the exciting cause of its 
action, the sensory impression which operates as such in the case of an 
in^nctive movement, and which is still requisite for its guidance. 

552. This view of the case derives a remarkable confirmation from 
tbe analysis of two classes of very frmiliar phenomena : the’^first consist- 
ing of cases in which movements that are ordinarily Automatic are per- 
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liie second conBisting of those in which movements or^psaily Yolimtaey 
come by habit to be Automatically performed,— Of the first dbsS) tiie act 
of Coughing is a good e^mple. This action^ which is ordinarily antmnatiCr 
may al^ be excited by a voluntary determination ; such a determinataon, 
however, is directed to the result^ rather than exercised in sjngling^out 
the different movements and then combining them in the necessary 
sequence ; and the Will thus seems obviously to take the place of the 
laryngeal or tracheal irritation, as the primum mobile of the series, which, 
in its actual performance, is as automatic in the latter case as in the 
former. So, again, we know that many of the automatic movements 
which have been already referred-to as examples of the sensori-motoT 
group (§ 521), and which the Will cannot call-forth, may be performed 
in respondence to ideas or conceptions^ which are Cerebral states that 
seem to recal the same condition of the Sensorium as that which was 
originally excited by the Sensory impression. Thus it is well known that 
the act of Vomiting may be induced by the remembrance of some loath- 
some object or nauseous taste, excited by some act of ‘ suggestion and 
the Author has known an instance in which a violent fit of sea-sicknesa 
was brought-on by the sight of a vessel tossed about at sea, which 
recalled the former experience of that state. So the Hydrophobic 
paroxysm may be excited by the mention of the name of water, which of 
course calls up the idea ; and a tendency to yawn is in like manner 
frequently induced by looking at a picture of yawners, or by speaking of 
the act, or by voluntarily commencing the act which may then be 
automatically completed. — The automatic performance of actions which 
were originally voluntary has already been fully discussed (§ 523) ; and 
we have therefore only to remark here, that the fact very strongly sup- 
ports the view now advanced, as to the singleness of the mechanism which 
serves as the instrument of both classes of actions, and the essential 
uniformity of its operation in the two cases. — It would be difficult to 
explain either set of phenomena satisfactorily, on the hypothesis that 
there is a ‘ distinct system’ of fibres for the volitional and for lie automatic 
movements ; since it is not readily to be conceived how a set of move- 
ments originally performed by the one can ever be transferred to the 
other ; whilst, on the other hand, it is easy to understand how the same 
motorial action may be excited in the automatic centres, either by an 
external impression conveyed thither by an afferent nerve from a 
Sensory surface (as that of the irritation in the air-passages, which 
excites the act of coughing), or by a stimulus proceeding firom the con- 
voluted surface of the Cerebrum, and conveyed along those connecting 
fibres which Keil with great sagacity termed the ‘ nerves of the irUemal 
senses.’ 

683, To sum-up, then, we seem justified in concluding that the Cran^f 
Spinal Axis of Man and other Vertebrata, — consisting of the Se n i dffi 
Ganglia, Medulla Oblongata, and Spinal Cord, — ^is (Uke the cham ^ 
cephalic and ventral ganglia of Articulata with which it is homolo£((^^ 
the immediate instrument of all sensorial and motor changes; that 
sole and independent action are produced all those movement 
tanked as au^matic or instinctive^ these being perfitmed be, 
to eaSkemal impressions which may or may not affect the 

o e * 
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Ijul whm aotix]g in sabardination to tho Cerebrtiin, the Cranio- 
initial Axis transmits upwards to it the induence of Sem^rial changes, 
and receives ih)m it the downward imptdses, which it directs atitoma- 
tioally into the appropriate channel hr the execution of the movements 
which Ihe Mind has (hrected. The number of purely-automatic actions 
diminishes in proportion to the development of the Cerebrum, and to the 
subjection of Ae Automatic apparatus to its control ; but even in Man, 
those most closely connected with the maintenance of the organic func- 
tions, or moat necessary for the conservation of the bodily structure, 
remain quite independent of any mental agency, and most of them do 
not require consciousness for their excitation. But if the activity of the 
Cerebrum be suspended or be otherwise directed, without any affection 
of the automatic apparatus, movements which have long been habitually 
performed in a particular sequence, may be kept-up, when the will has 
once set them in action, through the automatic mechanism alone ; the 
impressional or sensational change produced by each action, supplying 
the stimulus which calls-forth the next. — It may further be concluded 
that the Sensory Ganglia, which are the instruments whereby we are 
rendered conscious of external impressions, are also the seat of those 
simple feelings of pleasure and pain which are immediately linked-on to 
that consciousness : for it can scarcely be doubted that such feelings must 
be associated with particular sensations, in animals that have no ganglionic 
centres above these ; since we must otherwise regard the whole series of 
Invertebrated tribes as neither susceptible of enjoyment, nor capable of 
feeling pain or discomfort. And it likewise seems probable that the 
Sensory Ganglia are also the seat of those perceptional acts, which bring 
the consciousness into direct relation with the external object that 
aroused the sensation ; since the recognition of externality seems evident 
in the actions of the tribes just referr^-to.* 

4. Of the Cerebellum, and its Functions, 

634. The Cerebellum is an organ which, though confined to the Ver- 
tebrated sub-Eongdom, is yet in peculiarly-intimate relation with the 
Automatic apparatus. In that highest state of development which it 
presents in Man, we find it to consist of two lateral lobes or hemispheres, 
composed of nerve-fibres invested in a very peculiar manner by vesicular 
substance, and of a central lobe, also containing a combination of the 
vemcular and fibrous substances, which is known under the designation 
of the ‘vermiform process.’ The hemispheres are connected with each 
other not only by this central lobe, but also by the fibrous commissure 
which passes beneath the Medulla Oblongata, and is known as the ‘ Pons 
Varolii.’ The commissural fibres form part of the ‘Crura CerebeUi;’ 
but another portion is formed by the strands which connect the Cere- 
bellum with the anterior and posterior columns of the Spinal Cord and 
Medulla Oblongata (§ 475); and in addition to these, we find a fesciculus 
of fibres passing between the Cerebellum and the Corpora Quadrigemina, 

* It may here be reowked that the term Sensatioii is now xinderstood to imply the 
limtde oonsciotumess of an impreaeion, whilst Perception refere that impression to some- 
fhing out of the For the prodootion of a Sensation a conscious state of the mind is 

lhai Is rMinirM ; but for the exerdse of the Pero^ve power a oertaia degree of 
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the ‘ iter a cerebello ad testeg.’ The peduncle of it® hemie^eres on eitlier 
side contains a mass of grey matter, the ^corpus rhomboideum,^ or 
^ dentatum/ which seems to be a ganglionic centre for the iBbres that 
pass upwards to it from the Spinal Cord. The Cerebellum ha® no diredi 
connection with the Cerebrum, and its relations are entirely with the 
Cranio-Spinal Axis. 

535. When we examine into the relative development of the Cere*^ 
bellum in the different classes of Vertebrata, we find that it presents some 
very remarkable differences.* In its simpler forms, this organ is frund 
to consist entirely of the representative of the central lobe of the Human 
Cerebellum, the hemispheres not making their appearance until we have 
ascended to the class of Birds. On ascending the scale of Mammiferous 
animals, on the other hand, we cannot but be struck with the rapid 
advance in the proportional size of the Cerebellum, which we observe as 
we rise from the lowest (which are surpassed in this respect by many Birds) 
towards Man, in whom it attains a development which appears enormous, 
even when contrasted with that of the Quadrumana. In proportion, in 
fact, as the extremities acquire the power of prehension, and together with 
this a power of application to a great variety of purposes, — stiU more, in 
proportion as the animal becomes capable of maintaining the erect posture, 
in which a constant muscular exertion, consisting of a number of most 
elaborately-combined actions, is required, — do we find the . size of the 
Cerebellum, and the complexity of its structure, undergoing a rapid 
increase. Thus, even between the Dog and the Bear there is a marked 
difference ; the latter being capable of remaining for some time in the 
erect posture, and often spontaneously assuming it ; whilst to the former 
it is anything but natural. In the semi-erect Apes, again, there is a very 
great advance in the proportional size of the Cerebellum ; and those which 
most approach Man in the tendency to preserve habitually the erect 
posture, also come nearest to him in the dimensions of this organ. — Thus 
on looking at the size of the Cerebellum, in relation to the general motor 
activity of the Vertebrated classes respectively, and especially taking into 
account the variety of their respective movements, and the number of 
separate muscular actions which are combined in each, we can scarcely 
help noticing that it is in the tribes which are most distinguished in these 
respects, that the largest Cerebellum is usually found. Now it is evident 
that Man, although far inferior to many of the lower animals in the power 
of performing various particular kinds of movement, far surpasses them 
all in the number and variety of the combinations which he is capable of 
executing, and in the complexity of the combinations themselves. Thus, 
if we attentively consider the act of walking^ we shall find that there is 
scarcely a muscle of the trunk or extremities which is not actively con- 
cerned in it ; some being engaged in performing the necessary movements, 
and others in maintaining the equilibrium of the body which is dii^^urbed 
by them. On the other hand, in the Horse or Camel, the muscular moW' 
ments are mdividuaUy numerous, but they do not require nearly t^e eaum 

♦ See "Princ. of Comp. Phys.,” § 685.— Puller mfonttstion upon tliis point H 
found in M. Serres* **Anat. Comp, da Cerveau,” and M. lieumt’s <3qiKi,p«4|^ 

Sysidiae Nenreux.” — For a general disouasion of tbe evidence ailbrdod OcnnpiM'li^^ 

in r^^ to the fanotions of the Cerebellum, see the and ]|(|£ 
Eev.,’» voL xxii. pp. 585-541. 
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pcfeet iKMxrdiiukUoii^ And in the Bird^ the number of mnaoles employed 
in the mov^ents of dight, and in dire<^g the oourae oi these, is r^y 
comparatively small ; as may at once be perceived, by comparing the 
rigidity of the skeleton of the trunk of the Bird with that of Man, and by 
rmnembering the almost complete inactivity of the lower extremities 
during the active condition of the upper. In fact, the motions of the wings 
are so simple and regular, as to suggest the idea, that, as in Insects, their 
character is more reflex than voluntary : — an idea which is supported by 
the length of time during which they can be kept-up without apparent 
flitigue, and also by the important facts already mentioned (§ 512), which 
experimental research has disclosed. 

636. We have next to inquire what evidence can be drawn from Expe- 
rimental investigations on the same subject : and in reference to this 
it is desirable to remark, in the first place, that the experimental mode 
of inquiry is perhaps more applicable to this organ than to other parts of 
the Encephalon ; inasmuch as it can be altogether removed with little 
disturbance of the actions immediately essi^^ntial to life, the animals soon 
recovering from the shock of the operation, seeming but little affected 
except in some easily-recognized particulars. The principal experimenters 
upon this subject have been Rolando, Flour^s, Magendie, Hertwig, 
Longet, Schiff, Bro-v^n-S^quard, and Wagner. It^a not to be expected, 
that there should be an exact conformity among the' results obtained by 
all. Every one who has been engaged in physiologidal experiments is 
aware of the amount of difference caused by very minl!ite variations in 
their circumstances ; in no department of inquiry is this more the case, 
than in regard to the Nervous %stem ; and such differences ;are yet more 
likely to occur in experiments made upon its centres, than in '^fhose which 
concern its trunks. — The investigations of Flourens* seem the^f^ost clear 
and decisive in their results ; and of these we shall accordingV ^ 
general survey. He found that, when the Cerebellum was meclWically 
injured, the animals gave no signs of sensibility, nor were they aSected 
with convulsions. When the Cerebellum was being removed by Jfeuc- 
cessive slices, the animals became restless, and their movements were 
irregular ; and by the time that the last portion of the organ was 'Cut- 
away, the animals had entirely lost the power of springing, flying, walking, 
standing, and preserving their equilibrium, — in short, of performing apj 
combined muscular movements, which are not of a simply-reflex charactCfr. 
When an animal in this state was laid upon the back, it could not recover 
its former posture ; but it fluttered its wings and did not lie in a state 
stupor, li^en placed in the erect position, it staggered and feU like a 
dnmken man, — ^not, however, without making efforts to maintain its* 
balance. When threatened with a blow, it evidently saw it, and endea- 
voured to avoid it. It did not seem that the animal had in any degree 
lost voluntary power over its several muscles ; nor did sensation appear 
to be impaired. The faculty of combining the actions of the muscles in 
groups, however, was completely destroyed ; except so far as those actions 

£ te t^t of Respiration) were dependent only upon the reflex function of 
Bpinal Cord. The experiments afforded the same results, when made 
u^n each class of Vertebiited animals ; and they have been since repeated, 
with ne$rJy corresponding effects, by Bouillaud, Hertwig, and by many 

^ ** Beehafigies MxpMaa* sar lei Fropn^tls si let Fonotions da Nemox.” 
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id&kex experimenters.^ Wagner found tliat tiie cJii^ qi^ in p ton a produced 
in Pigeons from whidi tie £ad removed the whole or the grea4jer part of 
the Cerebellum were — 1. A remarkable tendency on the part of the animal 
to throw itself on one side, and to keep the legs completely extaoded, with 
an indisposition to move them, though it was stHl evidently capable of flexmg 
them by an effort of the will. 2. Torsion of the head on the neck. 3. Per- 
sistent trembling of the muscles of the body generally, remmhling paml^sis 
ngttans* 4. Vomiting, frequently accompanied by liquid alvine evacua- 
tions ; and 5. The animals became thinner, the feathers fell off, and the 
temperature was much depressed. No symptoms were observed having 
reference to the generative organs. The perception of sensations and the 
performance of psychical operations appeared to be perfect ; and though 
the voluntary control over the muscles was somewhat impaired, it was 
manifestly not altogether lost. Hertwig, and especially Dalton, f have 
moreover shown that in pigeons a very considerable portion (two-thirds) of 
the CerebeUtim may be removed with so little disturbance of the voluntary 
movements, that after a few days the effects were scarcely, if at all, per- 
ceptible. Lussana observes that the results of irritation of the Cerebellum 
are usually vomiting, cephalalgia, convulsions and affections of the pupil, 
strabismus, amblyopia, &c. ; and he believes that in every case of extensive 
disease of the Cerebellum there are concurrent symptoms of disorder of 
the muscular movements, indicative of defect or absence of the ^muscular 
sense.” 

537. It was further affirmed by Magendie, that the removal of the 
Cerebellum, or the infliction of a deep wound in its substance on both 
sides, occasions the animal to move backwards as if by an irresistible 
impulse ; and this he attributed to the retrograde power of the Corpora 
Striata, which now acts without its due balance. That such a movement^ 
does sometimes present itself after such injuries as have been described, 
cannot be questioned, the fact having been confirmed by other experi- 
menters ; but it is a phenomenon of such rarity, that it cannot be rightly 
considered as having any direct dependence upon the injury of the Cere- 
bellum, but must be rather set-down to some accidental complication or 
concurrent disturbance ; more especially since, as already pointed-out 
(§ 633), the function attributed by Magendie to the Corpora Striata has 
no real existence. — But the results of section of one of the Crura Cere- 
belli, which were first obtained by Magendie, are much more constant ; 
for the performance of this operation causes the animal to fall-over upon 
one side, and to continue rolling upon its longitudinal axis^ even as frst 
(in some instances) as sixty times in a minute, the movement going-on 
for many days without intermission. There is a remarkable difference in 
tihe statements of different experimenters, however, as regards the direction 
of this rolling movement ; for whilst Magendie and Miiller affirm that it 
-place towards the injured side, Longet and Lafargue assert that it 
i-plaoe from the injured side towards the opposite side. This 
icy appears, from the experiments of Schiff,t to be due to a di^xenoa 
I locsffity of the section ; for he states that if the pednncle bedividsd 

’See Wagner, in Brown>S6qnard’s ^^Jonmal dela Phyaiol. 1861, pp. 256 and 464; 
iMuna in idem, 1862, p, 418, 1863, p. 170; MM. heven a^ OUivier, "Axohiv* 

4e M4d.,” Not. and Beo. 1862; Dalton, **Ainedoan Jonmal of Med* 1861, 

VoL xU. p. 88 ; Brown-Stqnard, ** Central Nervoni System,” 1860. 

J ** Amerioan Jonni* of Med. Smenoes,” 1861, vol. xU. p. 83. 

^De vi motoxiibfuieoi imjnMtimiesexpethxiea BociceaiMtdl^ 1645^ 
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moiAd^ widiit if the section be made in fronts tbe animal iwctmfnm that 
aide towards the opposite one. This dhOTerence is explained by Iionget^ 
by the difference in the course of the anterior and posterior fibres of the 
p^unoles : fi)r according to him, the former communicate with the decus- 
sating, and the latter with the non-decussating portion of the motor tract; 
so that, when the former are injured, the animal loses control over the 
muscles of the opposite side, and when the latter, over the muscles of the 
same side. This rolling movement is attributed by some to the continued 
activity of the muscles on one side, now unbalanced by that of the muscles 
cm the other ; but if such were the case, as Longet justly remarks, it 
ought to occur more frequently than it does in cases of ordinary hemi- 
plegia; and, according to that experimenter, observation shows that it 
rather depends on a twisting movement of the spinal column, especially 
affecting its anterior portion, and dragging the posterior (as it were) after 
it.^ Thus M. Brown- S^quardjf who has shown that similar rolling 
movements may be produced by lesions of other parts of the nervous 
centres, as the Spinal Cord, Medulla Oblongata, and Pons, observes that 
the movements do not resemble those effected by voluntary muscles ; but 
that, in consequence of the tonic contraction into which some muscles are 
thrown, the trunk and neck of the animal are twisted, as far as the bones 
will permit, into the* form of a corkscrew. He attributes the phenomena 
in question, which the animal evidently endeavours to check, to the irri- 
tation of a peculiar set of nerve-fibres not usually employed by the will, 
the division of which does not cause paralysis, though they may serve as 
the conductors of powerful motor impulses to special groups of muscles. 
MM. Leven and OUivier, operating on guinea-pigs, found that pricking 
the Cerebellum produced well-marked movements of rotation, usually pro- 
ceeding from the side injured towards the opposite side. They did not 
observe any disorders of the alimentary canal similar to those noticed by 
Wagner and others, after ablation of portions of the Cerebellum. 

538, The information supplied by Pathological phenomena, when in- 
terpreted with the cautions formerly referred-to, is found on the whole to 
coincide with that obtained from experiment. In the first place, it fully 
eupports the conclusion, that the Cerebellum is not in any way the instru- 
ment of psychical operations. Inflammation of the membranes covering 
it, if coined to that part, does not produce delirium ; and its almost 
complete destruction by gradual softening does not appear necessarily to 
involve loss of intellectual power. But,” remarks Andral, whilst the 
changes of intelligence were variable, inconstant, and of little importance, 
the lesions of motion, on the contrary, were observed in all the cases [of 
softening] except one ; and in this it is not quite certain that motion was 
not interred with.” Yet the result of Andral’s analysis of as many as 
ninety-three cases of disease of the Cerebellum, J is not favourable to the 
doctrine to which the results of experiments seem tp point : but, as it has 
been justly remarked by Longet, the effects of disease are only partlpr 
eomparalfle to those of experiment ; since in a large proportion of' chronic 
dijsoraers, the changes consist in the formation of a new product, such as 
4 tub^cular or cancerous deposit, or a cyst of some ^nd, the gradual 

' ^ ♦ Sea his de Physiologies” tom. ii. p. <08, I860, 

^ f Kerroas 1860, p. 198. 

i S#e Ids Umak;* Um m. tola, t, p. 786, 
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derdopiQmt of which is quite oousist^t with the eoolaikQdd Ikuotiousl 
iMstiThj of the organ, as we see by parallel pheiiomeim elseidbere ; whilst 
in those instances in which hsenHnrhage occurs, this tisuali^ ocoasions 
either complete apoplexy or local paralyfids, by its effocts njpon other 
oj^ans. Still, several cases of chronic dise^ of the Cerebelhim have 
been observed, in which unsteadiness of gait^ without paratysis, or only 
giving-place to paralysis at last on the occurrence of hsemorrhi^, was a 
very marked symptom;* and these afford a strong confirmation of the 
doctrine based on the experimental researches already referred-to. ha 
a few cases in which both lobes of the Cerebellum have been seriously 
affected, the tendency to retrograde movement has been observed ; and 
instances are also on record, of the occurrence of rotatory movement, 
which has been found to be connected with lesion of the Crus Cerebelli 
on the same side.f So far as they can be relied-on, therefore, the results 
of the three methods of investigation bear a very close correspondence ; 
and it can scarcely be doubted tiiat they afford us a near approximation 
to truth. 

539. It must not be allowed to pass unnoticed, that some Physiologists 
(as FoviUe, Pinel-Grandchamp, and Dug^s) have regarded the Cerebellum 
as the centre of common Sensation ; chiefly on the groimd of its connection 
with the posterior columns of the Spinal Cord, and of the manifestations 
of pain which are called-forth by touching the Restiform columns. Al- 
though these facts may lead us to admit that the Cerebellum is connected 
with the sensorial centres, and even that it is itself a seat of sensibility, 
yet it is impossible to regard it as the exclusive seat of sensibility, con- 
sistently with the facts with which experiment and pathological observa- 
tion supply us ; since neither the removal of the entire organ by operation, 
nor its complete destruction by disease, | have been found to involve any 
loss of the ordmary sensorial powers. — There would seem much more 
probability in the idea, that it is 'the special seat of the ‘ muscular sense,’ 
which has so important a share in the guidance of the co-ordinated move- 
ments (§ 624) ; and this notion derives coilfirmation from the marked 
structural connection which exists between the Cerebellum and the Optic 
Ganglia (corpora quadrigemina), the purpose of which may be not unfiiirly 
surmised to be, to commimicate the guidance of the visual sense to the 
organ by which the co-ordination of motions is effected, in the same 
manner as the impressions appertaining to the ‘ muscular sense’ are trans- 
mitted upwards by the Restiform columns. § The chief objection to such 

* Two such cases are recorded by Mr, Dunn in the Med.-Chir, voL zxxii.| 

and another by Dr. Cowan in the “ Pror. Med. and Surg. Joum.,” April 16, 1846; aqd 
the Author has been made acquainted with several others, by gentlemen under wheis 
cognizance they have fallen, 

+ A collection of such cases has been made by Dr. Paget, in his paper on ‘ 
Bhythmical Movements,* in the *^Ediub, Med. and Surg. Journal,** 1847, vol, Ixvi^ 
case once fell within the Author’s knowledge, in which a state of this khid, tiutt 
for some hours, appeared to depend upon an attack of Indigestion; Uie 
completely relieved by vomiting, and no further indication of Eneephalio diaurdfiaif lumxif 
festing itself* 

t See the well-known case recorded by Oomhetfi, in the ** Sevue itim* 

p. 57. 

§ This view, suggested many years since by the Autihor, has been 
ha the able papers by M. Ph. liussana in the Journal 4e la Physlolepeb*!. ?» 
p. 484, and tom. vi, p. 169 ; and also by Mr. Boberl 3Dun% in Um 
logical Psychology** (London, 1858), who also places the centre of w umAm «Biiaeln 
the corpus rfaomboidale of the Oerebelluia* 
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A 'VkiWi would a&m lo He in the etefcmg siinilaaritf between tbe ^ mnecmlar' 
0mmBSiA * common' or ‘ taol^^ sensalion, which makes it difficult to con-' 
ce&Te that they dbould have different seats in the Sensoritm commune. 
But this difficulty is diminished if not removed by the reflection, that the 
Bestifbrm columns appear to have the same endowments as the remainder 
of the Sensory tract derived from the posterior columns of the Spinal 
Cord ; and that no explanation can be given of their extreme sensitiveness 
to impressions (as shown by experiment), imless it be admitted that the 
organ in which they terminate is itself a centre of a form of sensation 
closely allied to that of the common or tactile kind. Possibly, however, 
the true termination of these fibres is in the ‘ corpus dentatum’ of the 
Crura CerebelH ; and the Cerebellum may re-act upon impressions thence 
transmitted to it, without being itself the instrument of commimicating 
such impressions to the consciousness.* 

540. We have now to examine, however, another doctrine regarding 
the fimctions of the Cerebellum, w'hich was first propounded by Gall, and 
which is supported by the Phrenological school of physiologists. This 
doctrine, that the Cerebellum is the organ of the sexual instinct, is not 
altogether compatible with the other ; and by some it has been held in 
combination with it. The greater number of Phrenologists, however, 
r^ard this instinct as the exclusive function of the Cerebellum; and 
assert that they can judge of its intensity, by the degree of development 
of the organ. We shall now examine the evidence in support of this 
position, afforded by the three methods of inquiry which have been 
already indicated . — In the first place it may be remarked, that the sexual 
propensity is very closely connected with various Emotional states of 
mind, to which ^organs’ are assigned by Phrenologists, and of which 


* M Brown-Seqaard Joarn. de la Physiol./* vol. i. 1858, p. 535) and Wagner 
(Op, cit.) have arrived at almost purely negative results in regard to the function of the 
Cerebellum. The former experimenter holds that this organ is not a nervous centre for 
seositive impressions nor for consciousness, nor is it even a part through which the con- 
ductors of motion or of sensation pass ; for he believes that no idea, emotion, or voluntary 
act is suppressed as a consequence of lesion of its structure. Hence he maintains, that 
it is not a centre for the faculty of balancing or co-ordination of the symmetrical move- 
ments of the body, and that when paralysis is observed after lesion of its structure, it is 
oocanoned (when the paralysis is on the opposite side of the body) by concurrent lesions 
of other pa^ as the Pons Varolii, the Manila Oblongata, or the Cerebral peduncles; 
whilst, when the paralysis is on the same side, it is usually due to irritation of certain 
parts of the Cerebellum reacting on other parts of the Encephalon, though even from this 
esnse the paralysis may sometimes occur on the opposite side. Though he does not admit 
it to be;a centre for auditory or visual impressions, he acknowledges that it has a special 
infiaenee on vision, having collected 60 cases of amaurosis accompanying disease of its 
stoueture. He has, in a more recent paper (**Joum. de la Phys.,** 1862, tom. v. 
p. 486), attributed the various effects of Cerebellar lesion, as amaurosis, vomiting, 
eepbalalj^ dilatation of the pupil, general or local convulsive movements, epilepsy, 
hetnipie^ general debility and disoidered movements, contraction of partioulaa: muscles, 
sfrabismns, hypezmsthesia, noises in the ears, and exaggeration of the sexual desire, to 
inrUlitumii ^e Owebellum, and not to loss of fu/nction. He compares these effects 
with these pr^dboed by worms in the intertiines. Wagner believes that this organ may 
become tbe poift de dipeui of a direct (not i^ex) irritation for certain or^io muscles, 
an for those of the abdomini^ visoeta, generative organs, and also, probably, for the 
heart, fiehiff, at the conolu^n of bis leotion on the C^bellum, states simply that 

thn fimctions of this oi^ are still unknown whilst bnssana, m the essay already 
^pu)led» ittfshos by observmg that the ewMoabf Him and the trme mm are fite two 
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Ijbe Cerebellum is uniTersally admitted to be the seat; sudli Ibr iuataiiee 
as * loye of ofspring,’ * adbesiTeneas,^ and (in the lower animeb more par- 
ticularlj) ^ combativenesa whilst in Man it has a ccmtinuai oparatum 
upon the reasoning faculties and the WiU. Yet the anatomical conuee- 
tions of the Cerebellum are peculiarly unfavourable to any such influence; 
these being, as we have seen, rather with the lower than with the higher 
portion of the Cerebro-spinal axis. — ^Again, the results of feir observation 
as to the comparative size of the Cerebellum in diflerent animals^ can 
scarcely be regarded as otherwise than very unflivourable to the doctrine 
in question.* — It is asserted, however, that the results of observation in 
Man lead to a positive conclusion, that the size of the Cerebellum^ is a 
measure of the intensity of the sexual instinct in the individual. This 
assertion has been met by the counter-statement of others, that no such 
relation exists. It is unfortunate that here, as in many other instances, 
each party has registered the observations favourable to its own views, 
rather than those of an opposite character ; so that until some additional 
evidence of a less partial nature shall have been collected, we must con- 
sider the question as sub judice. It may be safely affirmed, however, that 
no evidence upon the affirmative side of this proposition has yet been 
adduced, which can be in the least degree satisfactory to the mind of any 
Anatomist who is competent to judge of its value. For nearly aU the 
observations which have been paraded by Phrenologists in support of 
Gall’s doctrine, have been based, not upon the actual determination of the 
size or weight of the Cerebellum in different individuals, but upon an 
estimate of its proportional development from the external conformation 
of the skull. Now any one who has even cursorily examined those prin- 
cipal types of cranial conformation which are characteristic of some of 
the chief subdivisions of the Human species, must perceive that there is 
a, no less characteristic difference between these different types in the 
occipital, than there is in the frontal region. For whilst the occipital 
projection is much greater in the ‘ prognathous’ skull than it is in the 
‘ elliptical,’ it is as much less in the ‘ pyramidal ;’ and thus while the 
first would be considered, according to phrenological rules, to hold a 
much larger Cerebellum, this organ in the latter would be regarded as 
necessarily very small. Now there is not only as much evidence of a 
strong development of the sexual propensity, in the characters and habits 
of the pyramidal-skuUed Asiatics, as there is in regard to the elliptical- 
skuUed Europeans, or the prognathous Negroes ; but there is also anato- 
mical evidence to show that the size of the Cerebellum in the different 
races bears no relation whatever to the degree of projection of the occiput^ 
for the plane of this organ being somewhat oblique in the elliptical ctell, 
is horizontal in the prognathous, and nearly vertical in the pyramidMly 
while the size and anatomical relations of the organ are not in the iMit 
degree affected by this difference in its position.f — Hence it may be 
safely affirmed, that no evidence with regard to the relation asserted to 
exist between the size of the Cerebellum and the intelosily oi the Sexoat 
propensity, has any value, save that which is drawn ffom tjbe poiAllvei 
detennination of the former by measure or weight 

* See " Brit, and For. Medical EoTiew,** vol. txiu pp. 

t The Author’s statements on this point are based on the tec7 Avoided aiiMtdeal tl* Ids 
late ffiend Prof. Betsius of Stockholniy who paid ^pe^ ndteanss 
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of Ibe cooneotioti bot^weeo tibe Cerebellum and tbe sexual instsboct, is one 
willed^ would deserve great attention, if the &cta stated could be reHed*on. 
It has been asserted, over and over again, that the Cerebellum, in animals 
which have been castrated when young, is much smaller than in those 
which have retained their virility, — ^being, in &ct, atrophied from want 
of power to act. Now it is unfortunate that vague assertion, founded on 
estimates frrmed by the eye from the cranium alone, is all on which this 
position rests ; and it will be presently shown how very liable to error 
such an estimate must be. The following is the result of a series of 
observations on this subject, suggested by M. Leuret,f and carried into 
efrect by M. Lassaigne : — The weight of the Cerebellum, both absolutely 
and as compared with that of the Cerebrum, was adopted as the standard 
of comparison. This was ascertained in ten Stallions, of the ages of from 
nine to seventeen years ; in twelve Mares, aged from seven to sixteen 
years ; and in twenty-one Geldings, aged from seven to seventeen years. 
The average weight of the Cerebrum in the Stallions was 433 grammes ; 
the greatest being 485 gr., and the least (which was in a horse ten 
years old) being 350 gr. The average weight of the Cerebellum was 
61 gr. ; the greatest beiog 65 gr., and the least 56 gr. The average pro- 
portion borne by the weight of the Cerebellum to that of the Cerebrum, 
was, therefore, 1 to 7*07 ; the highest (resulting from a very small Cere- 
brum) being 1 to 6*25 ; and the lowest (resulting from an unusually large 
Cerebrum) being 1 to 7*46. Throughout it might be observed, that the 
variation in the size of the Cerebellum was much less than in that of the 
COTebrtlm, — In the twelve Mares^ the average weight of the Cerebrum 
was 402 gr.; the highest being 432 gr., and the lowest 363 gr. That of 
the Cerebellum was 61 gr. ; the highest being 66 gr. (which was in the 
individual with the smallest Cerebrum), and the lowest 58 gr. The 
average proportion of the weight of the Cerebellum to that of the Cere- 
brum was 1 to 6*59 ; the highest being 1 to 5*09, and the lowest 1 to 7. 
The proportion was, therefore, considerably higher in the perfect female, 
than in the perfect male. — In the twenty-one Geldings, the average weight 
of the Cerebrum was 419 gr. ; the highest being 566 gr., and the lowest 
346 gr. The average of the Cerebellum was 70 gr. ; the highest being 
76 gr., and the lowest 64 gr. The average proportion was, therefore, 1 to 
5*97 ; the highest being 1 to 5*16, and the lowest 1 to 7*44. It is curious 
that this last was in the individual which had the largest Cerebellum of 
the whole; but the proportional weight of the Cerebrum was still greater. 
— ^Brmging together the results of these observations, they are found to 
be quite opposed to the statement of Gall. The weight of the Cerebrum, 
reekouing the Cerebellum as 1, is thus expressed in each of the foregoing 
descriptions of animals : — 

Avmm, SigUit, Jj&weit, 

StaUions 7*07, . 7*46 . 6*25 

fUam . 6*59 . 7*00 . 6-09 

...... 5^7 . 7*44 . 5*16 

_ I proportional size of the Cerebellum in Greldings, therefore, 
|frW being Use than that which it bears in entire Horses and 
; it is pofidtivdy greater; and this depends not only on diminu- 
/ ^ Aoftt. ds Symkae Nmetix,** toat i, p. 427* 
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ti<m in the relative size of die derebrm^, botonitsoimbafflg 
as die following comparison of absolute weights will show 


Stallions . » . , 

Average, 

Righeet. 

65 


... 61 

m 

Mares 

. . . 61 

66 

SB 

Geldings . . . . 

... to 

76 

64 


The difEerence is so remarkable, and appears, firom exammadon of the 
individual results, to be so constant, that it cannot be attributed to anjr 
accidental circumstance arising out of the small number of animals thus 
examined. The average weight of the Cerebellum in the ten Stallions 
and twelve Mares is seen to be the same, and the extremes differ but 
little in the two ; whilst the average in the Geldings is more than one- 
seventh higher, and the lowest is considerably above the average of the 
preceding, while the highest far exceeds the highest among the entire 
Horses. It is curious that Gall would have been much nearer the truth, 
if he had said that the dimensions of the Cerebrum are usually reduced 
by castration ; for it appears from the following Table that such is really 
the case : — 

Average, QreateH, LmH, 


Stallions 433 . 485 . 850 

Mares 402 . 432 . 836 

Geldings 419 . 566 . 846 


The weight of the largest Cerebrum of the Gelding is fer above the highest 
of the Stallions ; but it seems to have^ been an extraordinary case, as in 
no other was the weight above 490 gr. If this one be excluded, the 
average will be reduced still further, being then about 412 ; this may be 
seen, by looking over the whole table, to give a very fair idea of the usual 
weight in these animals, which is therefore lesSy by about one-twentieth, 
than the average in the Stallions. — The increased size of the Cerebellum 
in Geldings may perhaps be accounted-for, by remembering that this class 
of horses is solely employed for its muscular power, and that the constant 
exercise of the organ is not unlikely to develope its size; whilst Stallions^ 
being kept especially for the purpose of propagation; are much leas 
applied to occupations which call-forth their motor activity. 

542. It is asserted, however, by the followers of Gall, that very strong 
evidence of the truth of his doctrine is afforded by Patholo^cal pheno- 
mena : excitement of the genital organs, manifesting itself in priapism, 
turgescence of the testes, and seminal emissions, being an ordinary con- 
comitant of some forms of apoplexy in which the Cerebellum is affected ; 
whilst in other cases of disease or injury involving extensive destruction 
of the substance of the organ, there has been a complete abatement of 
sexual desire. The proportion of recorded cases of disease of the Cere- 
bellum, however, in which any affection of the genital organs has beien 
noticed, is extremely small; for out of 178 cases which have been 
lected by Burdach,* only 10, or scarcely more than 1 in 18, preaentedi 
any symptoms that tended to indicate a fimctional relation between 
Cerebellum and the Genital organs. The same physiologist tAcms 
similar affections present themselves when the Cerebnm is the seat m 
the lesion ; and there seems a strong probability that it is to iSm 


* Von Base und Lebea dee Gehmis’' (Uipeig, head ^ 
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o<)$Uiaet;m af l^iese organs with the Spinal Cord, that such afik^<ms of 
the genital apparatus are due. For erection of the penis has been noticed 
in a fiur larger proportion of cases in which the Spinal Cord itself has been 
the seat of the lesion ; thus in 15 cases in which the cervical portion of 
the Cord was affected, erection of the penis was observed in 8 ; and in 13 
cases of lesion of the ddrso-lumbar portion of the Cord, erection of the 
penis took place in 8.* It is well known that erection of the penis and 
emissio seminis are not infrequent phenomena of death by banging ; and 
this &ct accords fully as well with the idea that the affection of the sexual 
organs is consequent upon lesion of the Cranio-Spinal axis, as with the 
doctrine that it is due to disordered function of the Cerebellum. — It has 
been suggested by Serres,f who collected seven cases in which excitement 
of the genital organs was coincident with apoplexy of the median lobe of 
the Cerebellum, that whilst the lateral lobes or hemispheres may be con- 
nected with the locomotive function, the median lobe may be the organ of 
the sexual instinct. Several cases have been recorded, in which some 
such relation appeared to be indicated; and the Author has been made 
acquainted with at least six,J in which an extraordinary salacity deve- 
loped itself at an advanced period of life, whilst, concurrently with this, or 
following upon it, there was that kind of unsteadiness of gait which may be 
held to indicate chronic disease of the Cerebellum. In one of these cases 
of which the history and post-mortem appearances have been carefully 
recorded by Mr. Dunn,§ there was strong evidence that the excitement 
of the sexual propensity was coincident with the irritative stage of inci- 
pient disease in the central lobe of the Cerebellum, and that the abatement 
of the propensity was in like manner coincident with the subsequent 
destruction of its substance; whilst the advance of the disease into the 
lateral lobes was marked by impairment of the power of co-ordination of 
movement. But with regard to all such cases, and others that may be 
ranked in the same category, || the objection of P^trequinlf holds good, 
that when disease or injury ^ects the median lobe of the Cerebellum, the 
Medulla Oblongata is almost certain to be implicated in it ; so that, as the 
evidence already referred-to clearly indicates the existence of a special 
relation between the genital organs and the upper part of the Spinal Axis, 
no positive proof is afforded by them that any portion of the Cerebellum 
has any special connection with the generative function. 

543. The Author is far from denying in toto^ that any pecidiar connec- 
tion exists between the Cerebellum and the Genital system ; but if the 

* See the ^'Trait6 des Maladies de la Moelle Epinidre** of M. OUivier (d* Angers), 
thme tom. iii p. 316. 

t Anatomie 0ompar6e dn Oervean,” tom. ii. pp. 601, 717. 
i Four such cases came under the notice of his friend, the late Dr. Simpson, of York. 

§ ''ICedico>Ohimrgioal Transactions,’* toI. xxxii. 

i Thus, a case has been communicated to the Author by Mr. Turley, of Worcester, in 
whidi the sexnid desire, which had been always strong through life, but which had fc^en 
eontrolkd within the limits of decency, manifested itself, during a period of some months 
^reeeding death, in a most extraordinary degree; on post-mortem examination, a tumour 
was fonim on the Pons VaroHL — And he has been informed of another case by Dr. Bran- 
icii (lormerly of Dublin), in which a yonng officer on the eve of marriage, having 
a blow on the oo^ut by a liill from his horse, became impotent, without any 
#Mrdar of bkhodily or mental powers; and in the distress cmme^nent upon this 
ffiMvm, oommiftea^iQieide on the morning fixed for his wedding, 
if fnelqfles pmnts 4^ In Phyi^idQB^ dn Cmvdet et de la Mobile Hpisldr^* in 
iv. p. old. 
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evidence at present adduced in support of tJie Piirenological poidtion be 
Held sufficient to establish it, in defiance of so many opposing ccmsidera-* 
tions, we must bid adieu to all safe reasoning in Physiolo^* The wei^t 
of testimony appears to him to be quite decided, in regara to the connec- 
tion of the Cerebellum with the regulation of the motor function ; and as 
an additional argument in fiivour of this view, it may be stated, thait the 
lobes of the Human Cerebellum undergo their most rapid development 
during the first few years of life, when a large number of complex volun- 
tary movements are being learned by experience, and are being asso- 
ciated by means of the muscular sensations accompanying them ; whilst 
in those animals which have, immediately after birth, the power of 
regulating their voluntary movements for definite objects, with the 
greatest precision, the Cerebellum is more fully developed at the time of 
birth. In both instances it is well formed and in active operation (so 
far as can be judged- of by the amount of circulation through it), long 
before the sexual instinct manifests itself in any perceptible degree. — 
But neither doctrine need be maintained altogether to the exclusion of 
the other ; and there are many among the Phrenologists of the present 
day, who hold, with Serres, that whilst the hemispheres of the Cerebellum 
possess the endowments now generally assigned to them by Physiologists, 
the central lobe is connected with the Genital function. It has been 
shown by Dr. N. S. Davis,* however, that there is no perceptible differ- 
ence in the dimensions of this central lobe, any more than in those of the 
hemispheres, between Bulls and Oxen; and no proof has yet been 
offered, save that afforded by the pathological evidence just referred-to, 
that any such endowment is possessed by it. That in some way or other, 
however, either the central portion of the Cerebellum, or some part of 
the Medulla Oblongata, has a special connection with the Generative 
function, appears to the Author to be indicated with tolerable clearness 
by several of the Pathological phenomena already cited. The circum- 
stance, too, of which he has frequently been assured, that great applica- 
tion to gymnastic exercises diminishes for a time the sexual vigour, and 
even totally suspends desire, seems worthy of consideration in reference 
to such a view ; for if the Cerebellum be reaUy connected with both 
kinds of function, it does not seem unreasonable that the excessive 
employment of it upon one should diminish its energy in regard to the 
other. — An analysis of the nature of the Sexual propensity, however, 
suggests the conclusion that we are not to look in this part of the Ence- 
phalon for anything else than a seat of the sexual sensation ; the character 
of which seems to be sufficiently different firom that of mere tactile sen- 
sation, to require a distinct ganglionic centre. Such a centre would be 
likely to be placed in the line of the other sensory ganglia, and in close 
connection with them. 

544. As in the case of other sensations, the Sexual, when moderatelly 
excited, may give rise to ideas, emotions, and desires, of which the 
brum is the seat ; and these may react on the muscular system 
the Intelligence and Will. But when inordinately excite^ or when not 
kept in restraint by the Will, the sexual sensations wiU at onoe 
play rei^ndent movements, which are then to be r6giKi94^ 
automatic; this is the case in Nymphomania and Satyrilk8&|^ 

* ** Transactions of Amorioan Msdioal 
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subject ; and it is probably also the ordinary mode of operation of this 
sense, in such of the lower animals as have not psychical power enough 
to form a conception of an absent object of gratification, and cannot, 
therefore, be said to have sexual desires. Thus, like other sensations, it 
may act either intelligentially or automatically ; giving rise to ideas, by 
transmission to the Cerebrum, which ideas, associated with pleasurable 
feelings, originate desires that stimulate the Reasoning powers to 
devise means for their gratification, and excite the Will to the necessary 
actions; or, by its immediate action upon the motor apparatus, producing 
respondent movements. — Of this double modus operandi we seem to have 
sufiicient evidence. For among many of the lower tribes of animals, at 
the time when the generative organs are in a state of functional activity, 
the presence of an individual of the opposite sex, indicated by the 
sight, smell, hearing, or touch, immediately excites the whole train of 
instinctive actions concerned in the reproductive operation ; whilst we 
have no evidence in them of any voluntary exertion, resulting from the 
existence of a desire entertained in the absence of the object, and intended 
for the gratification of that desire. In Man, on the other hand, the 
principal operation of the sexual sensations is in awakening desires and 
affections, which serve as excitements to the intelligence and as motives 
to the Will ; and it is only, under ordinary circumstances, when the two 
sexes have been thus brought into close relation, that the direct reaction 
of the sexual sensation manifests itself in automatic movements. In cases, 
however, in which this sensation is excited in unusual strength, it may 
completely overmaster all motives to the repression of the propensity, 
and may even entirely remove the actions from volitional control ; and 
a state of a very similar kind exists in many Idiots, in whom the sexual 
propensity exerts a dominant power, not because it is in itself peculiarly 
strong, but because, the Intelligence being undeveloped, it acts without 
restraint or direction from the Will. 

5. The Cerebrum, and its Functions. 

545. We come, in the last place, to consider the functions of that por- 
tion of the Nervous Centres, which is evidently, in Man, the j^redominant 
organ of his whole system ; being not merely the instrument of his licason- 
ing faculties, but also possessing a direct or indirect control over nearly 
all the actions of his corporeal frame, save those j)urely vegetative processes 
which are most completely isolated from his animal powers. We should 
be in great danger, however, of coming to an erroneous conclusion as to 
the real character of the Cerebrum and of its operations, if we confined 
ourselves to the study of the Human organism ; and the history of 
Physiological science shows that every advance of knowledge respecting 
its functions has tended to limit them, whilst at the same time rendering 
them more precise. Thus the Brain (this term, in the older Anatomy, 
being chiefly appropriated to the Cerebrum) was once accounted not 
merely the centre of all motion and sensation, but also the source of all 
vitality ; the different processes of nutrition, secretion, (fee., being main- 
tained, it was supposed, by a constant supply of ‘ animal spirits,’ propagated 
from the brain, along the nerves, to each individual part. The more 
modem doctrine, that the Sympathetic System has for its special function 
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to supply the nervous influence requisite for the maintenance of the 
functions of Organic life, was the first step in the process of limitation ; 
still the Brain was regarded as the centre of all the Animal functions ; 
and no other part was admitted to possess any power independently of it. 
By experiments and pathological observations, however, the powers of 
the Spinal Cord as an independent centre of action were next established ; 
and it was thus shown that there is a large class of motions in which 
the Brain has no concern, and that the removal of the Cerebral hemi- 
spheres is not incompatible (even among the higher Vertebrata) with the 
prolonged maintenance of a sort of inert and scarcely conscious life. Still, 
it has been usually maintained, and with great show of reason, that the 
Cerebrum is the instrument of all psychical operations, and the originator 
of all the movements which could not be assigned to the reflex action of 
the Spinal Cord. An attempt has been made, however, in the preceding 
pages, to show that this view is not correct ; and that there is a class of 
actions, neither excito-motor nor voluntary, but directly consequent upon 
Sensations, and constituting (with the excito-motor) the truly instinctive 
actions, which may be justly assigned to certain ganglionic centres not less 
independent of the Cerebrum than is the Spinal Cord itself. It has been 
further pointed-out that the Cerebrum must be considered in the light of 
an organ snperadded for a particular purpose or set of purposes, and not 
as one which is essential to life ; that it has no representative among the 
Invertebrata (except in a few of the highest forms, which evidently pre- 
sent a transition towards the Vertebrated series) ; and that, at its first 
introduction in the class of Fishes, it evidently performs a subordinate 
part in the general actions of the Nervous System. Hence, whatever be 
the function, or set of functions, we assign to the Cerebrum, we must 
keep in view the special character of the organ ; and must never lose 
sight of the fact, that its predominance in Man does not deprive other 
parts of their independent powers, although it may keep the exercise of 
those powers in check, and may considerably modify their manifestations. 

546. Before proceeding to inquire into the Physiology of the Cerebrum, 
we may advantageously take notice of some of the leading features of its 
structure.* — In the first place, it forms an exception to the general plan 
on which the elements of ganglionic centres are arranged ; in having its 
vesicular substance on the externor, instead of in the central part of the 
mass. The purpose of this is probably to ahow the vesicular matter to 
be disposed in such a manner as to present a very large surface^ instead 
of being aggregatod-together in a more compact mass ; and by this means 
to admit, on the one side, a more ready access of the blood-vessels which 
are so essential to the functional operations of this tissue, as well as a 
more ready communication, on the other, with the vast number of fibres 
by which its influence is to be propagated. There is no reason whatever 
to believe, that the relative functions of the vesicular and fibrous sub- 
stances are in the least altered by this change in their relative position ; 
indeed, the results of observation upon the phenomena of disotdered 
Cerebral action are such as to afford decided confirmation to the doctrine 
now generally accepted, that the action of the Vesicular matter consti- 
tutes the source of nervous power, whilst the Fibrous structure has for its 

* For further details of the minute anatomy of the Cerebral substance, see Lockhart 
Clarke in the “ Proceedings of the Eoyal Society,” vol. xiL No. 57. 
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office to conduct the influence thus generated to the points at which it 
is to operate. The purpose of this arrangement is further evidenced by 
the fact, that, in all the higher forms of Cerebral structure, we find a 
provision for a still greater extension of the surface at which the vesicular 
matter and the blood-vessels may come into relation; this being effected 
by the plication of the layer of vesicular matter into ‘ convolutions,’ into 
the sulci between which the highly vascular membrane known as the 
‘ pia-mater’ dips down, sending multitudes of small vessels from its inner 
surface into the substance it invests. 

547. The Cortical substance or ‘ grey matter’ of the Hemispheres 
essentially consists of that vesicular nerve-substance, which, in the Spinal 
Cord, as in ganglionic masses generally, is found to occupy the interior. 
Its usual thickness is about one-fifth of an inch ; but considerable 
variations present themselves in this respect, as also in the depth of the 
convolutions. Thus the plications are deepest, and the layer of ^ grey 
matter’ the thickest, during the period of greatest nervous energy, that 
is, in middle life ; in infancy and in old age, the convolutions are simpler 
and have fewer undulations, and the thickness of their cortical substance 
is much inferior ; and the same is true of the adult brain of some of the 
least cultivated races of mankind. Three layers of somewhat different 
hues may be distinguished in the cortical substance ; the external, white ; 
the middle, pure grey ; the internal, yellowish red. The external one, 
however, may generally be subdivided into two, and the internal one into 
four; namely, two white laminse, alternating with two yellowish-red 
laminas. Throughout its entire thickness, nerve-cells and nerve-fibres 
are intermixed ; and these are imbedded in a granular matrix-substance. 
The nerve-cells are for the most part remarkable for the number of pale 
slender branching processes which they give-off ; and these have been 
unequivocally proved by observation to be continuous with some (at 
least) of the fibres which are found in close relation to them. These 
cells are most abundant in the middle or pure-grey layer, and next to 
this in the internal or yellowish-red layer ; on the other hand, in the 
external white layer, and in the white streaks of the internal layer, the 
fibres spread-out in a plane that is nearly parallel to the surface. The 
further the fibres penetrate from the medullary stratum into the cortical 
substance, the finer do they become ; and in the external white lamina, 
in which they form numerous superimposed layers, and cross each other 
in various directions, they are reduced to the very smallest dimensions. 
It seems certain that both in this and also in the grey layer, some of the 
fibres return by loops ; although it has not been yet found possible to 
determine to what order of fibres these belong.* 

548. In the Medullary or fibrous substance, of which the great mass 
of the Cerebrum is composed, three principal sets of fibres may be dis- 
tinguished. These are, — first, the radiating fibres, which connect the 
vesicular matter of the cortical substance of the Hemispheres wdth the 
Thalami Optici, and which, if our view of the function of the latter be 
correct, may be regarded as ascending; — second, the radiating fibres 
which connect the vesicular matter of the cortical substance of the 

* Bee Prof. KSlliker’s “Manual of Human Histolojry*' (Syden. Soc.), vol. i. pp. 
439-443 ; bis “ Mikroskopische Anatomic, ” band ii. § 119; and his “Manual of 
Microscop. Anatomy.’* 
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Hemispheres with the Corpora Striata, and which, on similar grounds, 
may be regarded as descending ; — ^and thirds the Commissural fibres, 
which establish the connection between the opposite Hemispheres, and 
between the different parts of the vesicular substance of the same side, 
especially between that disposed on the surface of each hemisphere and 
those isolated patches which are found in its interior. It is on the very 
large proportion which the Commissural fibres bear to the rest, that the 
bulk of the Cerebrum of Man and of the higher animals seems chiefly to 
depend ; and it is easy to conceive that this condition has an important 
relation with the operations of the Mind, whatever be our view of the 
relative functions of different parts of the Cerebrum. It appears from 
the late researches of M. Bail larger, that the surface and the bulk of the 
cerebral hemispheres are so far from bearing any constant proportion to 
each other, in different animals, that, notwithstanding the depth of the 
convolutions in the Human Cerebrum, its bulk is times as great in 
proportion to its surface, as it is in tlie Rabbit, the surface of whose 
Cerebrum is smooth. The entire surface of the Human Cerebrum is 
estimated by him at about 670 square inches.* 

Fig. 121. 



Diagram of the mutual relations of the principal Encephalic centres, as shown in a vertical 
section —A, Cerebrum; b, Cerebellum; c, Sensori* motor tract, including the Olfactive gan- 
glion o\f, the Optic opt^ and the Auditory aud, with the Thalarai Optici thal, and the Corpora 
Striata c« , n, Medulla Oblongata , k, Spinal Cord ,— cr, olfai tive nerve , h, optic ; c, auditory ; 
d, pneuraogastnc , e, hypoglossal , /*, spinal fibres of the medullary substance of the Cerebrum 
are shown, connecting its ganglionic surface with the Sensori-raotor tract. 

♦ The inference drawn by M. Baillarger from the facts he has collected, — namely, that 
the proportional surface of vesicular matter in different animals, whether considered ab- 
Bolutely, or relatively to the volume of the Cerebrum, has no correspondence with their 
intellectual capability, — is far too sweeping an assumption ; since, as above shown, the 
increase in the commissural fibres, causing an augmentation of the bulk of the Cerebrum, 
may be alike the cause of increas^ intelligence and of a diminished proportional amount 
of vesicular matter, though the latter still remains as the original source of power. 
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549. With regard to the Radiating fibres, which connect the Corpora 
Striata and Thalami Optici with the vesicular surface of the Cerebral 
hemispheres, not only has no positive proof yet been obtained of their 
direct continuity with those which enter into the composition of the nerves 
proceeding from the Spinal Cord and Medulla Oblongata; but the results 
of the most recent and careful examination are in opposition to such an 
idea (§ 502). And we have seen that there are certain phenomena, which 
are best explained by considering these radiating fibres as of a commissural 
nature only ; and as serving to connect the vesicular matter of the Cere- 
brum with that of the higher portions of the Cranio-Spinal Axis^ through 
which alone they are brought into relation with the central terminations 
of the afferent nerves, and with the origins of the motor (§ 527). — Thus the 
Anatomical relation which the grey matter of the Cerebral convolutions 
bears to the central Sensorium, precisely corresponds with that which is 
borne to it by the Retina, which essentially consists, like it, of an expan- 
sion of vesicular substance ; whilst the radiating fibres of the medullary 
substance answer precisely to the Optic Nerve. And it is a most impor- 
tant confirmation of this view, that such a relation is also shown to exist 
by the history of Development. For the cortical substance of the Cere- 
brum and the Retina alike originate as offsets from the Sensory Ganglia ; 
the former detaching itself from the Corpus Striatum on either side, the 
latter from the Thalamus Opticus ; and each being gradually removed to 
a greater and greater distance from its original centre, by the elongation 
of the intervening commissural tract. It seems to have been a kind of 
recognition of this analogy, which long since led the sagacious Reil to 
designate the Cerebral lobes as a congeries of ^ nerves of the internal 
senses.’* 

550. The Commissural fibres constitute two principal groups, the 
transverse and the longitudinal ; the former connecting the two Hemi- 
spheres with each other ; the latter uniting the different parts of the 
same Hemisphere. — Of the transverse commissures, the Corpus Callosum 
is the most important. This consists of a mass of fibres very closely 
interlaced together; which may be traced into the substance of the 
hemispheres on each side, particularly at their lower part, where their 
connections are the closest with tlie Thalami Optici and Corpora Striata. 
It is difficult, if not impossible, to trace its fibres any further ; but there 
can be little doubt that they radiate, with the fibres proceeding from the 
bodies just named, to different parts of the cortical substance of the 
Hemispheres. This commissure is altogether wanting in Fish, Reptiles, 
and Birds ; and it is partially or completely wanting in those Mammals 
whose Cerebrum is formed upon the least complex plan, — the Rodents 
and Marsupials. Although the Anterior commissure particularly unites 
the Corpora Striata of the two sides, many of its fibres pass through those 
organs, and radiate towards the convolutions of the Hemispheres, especially 
those of the middle lobe : this commissure is particularly large in those 

* He says, ** The nerves of the external senses and volantary muscles escape from the 
cranium forwards and backwards, and ramify over the whole of the body so as to connect 
it with the organ of the soul ; the nerves of the internal senses [moral and intellectual 
faculties], on the other hand, have no object beyond the cranium, and are therefore found 
rolled'Up on themselves and forming the masses of the brain.*’ Archiv fur Physiol.,” 
1802, band vL s. 406.) 
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Marsupials in which the Corpus Callosum is deficient. — Of the longitu- 
dinal commissures, some lie above and others below the Corpus Callosum. 
Upon the transverse fibres of that body there is a longitudinal tract on 
each side of the median line, which serves to connect the convolutions of 
the anterior and posterior Cerebral lobes. Above this, again, is the Supe- 
rior longitudinal commissure, which is formed by the fibrous matter of 
the greater convolutions nearest the median plane on the upper surface of 
the Cerebrum, and which connects the convolutions of the anterior and 
middle lobes with those of the posterior. Beneath the Corpus Callosum, 
we find the most extensive of all the longitudinal commissures, the Fornix, 
This is connected in front with the Thalarni Optici, the Corpora Mammil- 
laria, the Tuber Cinereum, &c.; and behind, it spreads its fibres over the 
Hippocampi (major and minor), which are nothing else than peculiar 
convolutions that project into the posterior and descending cornua of the 
lateral ventricles. The fourth longitudinal commissure i^ the Tcsnia semi- 
circularise which forms part of the same system of fibres with the fornix ; 
connecting the corpus mammillare and thalamus opticus of each side 
with the middle lobe of the cerebral hemisphere. If, as Dr. Todd has 
remarked,* we could take away the corpus callosum, the grey matter of 
the internal convolution, and the ventricular prominence of the optic 
thalarni, then all these commissures would fall-together, and would 
become united in the same series of longitudinal fibres. — Experiment does 
not throw any light upon ^he particular functions of the Corpus Callosum 
and other Commissures; since they can scarcely be divided without 
severe general injury. It would appear, however, that the partial or 
entire absence of these parts, reducing the Cerebrum (in this respect at 
least) to the level of that of the Marsupial Quadruped or of the Bird, is 
by no means an unfroquent cause of deficient intellectual power.! 

* Anatomy of the Brain, Spinal Cord,” &c., p. 234. 

+ The following case of deficient commissures, recorded by Mr. Paget (‘^Medico-Chirurg. 
Transactions,” vol. xxiv.), is of much interest. The middle portion of the Fornix, and 
the whole of the Septum Lucidum, wereabsent ; and in place of the Corpus Callosum, there 
was only a thin fasciculated layer of fibrous matter, 1*4 inch in length, of which, however, 
the fibres extended to all the parts of the brain into which the fibres of the healthy corpus 
callosum can be traced. The Middle commissure was very large ; and the lateral part of 
the Fornix, with the rest of the Brain, was quite healthy. The patient was a servant- 
girl, who died of pericarditis. She had displayed nothing very remarkable in her mental 
condition, during her life, beyond a peculiar of forethought and •power of judging of 

the probable event of things. Her memory was good ; and she possessed as much ordinary 
knowledge as is commonly acquired by persons in her rank of life. She was of good moral 
character, trustworthy, and fully competent to all the duties of her station, though some- 
what heedless ; her temper was good, and disposition cheerful. — The mental deficiencies 
in most of the few other cases of which the details have been recorded, seem to have been 
of the same order ; and this is exactly what might have been anticipated ; since the 
deprivation of these parts takes away that which is most characteristic of the Cerebrum 
of Man and of the higher Mammalia ; their intellectual operations being peculiarly dis- 
tinguished by that application of past experience to the prediction of the future^ which 
constitutes one of the highest efforts of intelligence. — Another case has been since put on 
record by Mr. Mitchell Henry (Op. cit., vol. xxxi.), in which the anterior portion of the 
Corpus Callosum was deficient, together with the middle and anterior portion of the 
Fornix, and the whole of the Septum Lucidum. There was in this case, also, a marked 
intellectual deficiency, but apparently of a different character from that which showed 
itself in the preceding case ; for instead of vivacity and habitu^il rapidity of action, there 
was here a disproportionate degree of slowness in action, amounting almost to stupidity. 
The difference in the two cases, however, is perhaps to be set-down rather to the account 

P P 2 
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551 . The weight of the entire Encephalon in the adult Male usually 
ranges between 40 and 60 oz., the average being about 50 oz.; and in the 
Female from 36 to 50 oz., the average being about 45 oz. The maxi- 
mum of the healthy brain seems to be about 64 oz., and the minimum 
about 31 oz. But in cases of Idiocy, the amount is sometimes much 
below this; as low a weight as 20 oz. having been recorded. — It appears, 
from the investigations of M. Bourgery, that the relative sizes of the 
different component elements of the Human Encephalon are somewhat 
as follows. Dividing the whole into 204 parts, the weight of the Cerebrum 
will be represented by about 170 of those parts, that of the Cerebellum 
by 21, and that of the Medulla Oblongata with the Optic Thalami and 
Corpora Striata at 13. The weight of the Spinal Cord would be, on the 
same scale, 7 parts. Hence the Cerebral Hemispheres of Man include an 
amount of nervous matter, which is four times that of all the rest of the 
Cranio-Spinal mAss, more than eight times that of the Cerebellum, thirteen 
times that of the Medulla Oblongata, &c., and twenUj-four times that of 
the Spinal Cord. — The average weight of the whole Encej)halon in pro- 
portion to that of the body, in Man, taking the average of a great number 
of observations, is about 1 to 36. This is a much larger proportion than 
that which obtains in most other animals ; thus the average of Mammalia 
is stated by M. Leuret to be 1 to 186, that of Birds 1 to 212, that of 
Eeptiles 1 to 1321, and that of Fishes 1 to 5668. It is interesting to 
remark, in reference to these estimates, that tj^e Encejdialic prolongation 
of the Medulla Oblongata in Man (being about one-sixteenth of the 
weight of the whole Ence])halon) is alone more than twice as heavy 
in proportion to his body, as the entire Encephalon of Reptiles, and ten 
times as heavy as that oi'Fish. — But there are some animals in which the 
weight of the Encephalon bears a higher proportion to that of the body 
than it does in Man ; thus in the Blue-headed Tit, the proportion is as 1 
to 12, in the Goldfinch as 1 to 24, and in the Field-Mouse as I to 31. 
It does not hence follow, however, that the Cerebrum is larger in propor- 
tion ; in fact, it is probably not nearly so large ; for in Birds and Rodent 
Mammals, the Sensory Ganglia form a very considerable proportion of the 
entire Encephalon. The importance of distinguishing between the several 
parts of this mass, which are marked-out as distinct alike by their struc- 
ture and connections and by the history of their development, has not 
been by any means sufficiently attended to. 

552. The Encephalon altogether receives a supply of Blood, the amount 
of which is very remarkable, when its comparative bulk is considered ; 
the proportion which goes to it being, according to the estimate of 
Haller, as much as one-fifth of the whole mass. The manner in which this 
blood is conveyed to the brain, and the conditions of its distribution, 
offer some peculiarities worthy of notice. The two Vertebral and two 
Carotid arteries, by which the blood enters the cavity of the cranium, 
have a more free communication by anastomosis than any similar set of 
arteries elsewhere ; and this is obviously destined to prevent an obstruc- 
tion in one trunk from interrupting the supply of blood to the parts 
through which its branches are chiefly distributed, — the cessation of the 
circulation through the nervous matter being immediately productive of 

of general temperament ; since in both of them there seems to have been a deficiency in 
the power of carrying-on a continuous train of thought. 
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suspension of its functional activity.* — ^Not only must there be a suffi- 
cient supply of blood, but it must make a regulated pressure on the walls 
of the vessels. Now the Encephalon is differently circumstanced from 
other vascular organs, in being enclosed within an unyielding bony case 
(§ 254) ; and we find a special provision for equalizing the bulk of the 
contents of this cavity, and for counterbalancing the results of differences 
in the functional activity of the brain and in its supply of blood, in the 
existence of a fluid which is found beneath the arachnoid, both on the 
surface of the brain and spinal cojd, and in the ventricles of the former. 
The amount of this ‘ cerebro-spinal fluid’ seems to average about two 
ounces ; but in cases of atrophy of the brain, as much as twelve ounces 
of fluid may sometimes be obtained from the cranio-spinal cavity ; whilst 
in all instances in which the bulk of the brain has undergone an increase, 
whether from the production of additional nervous tissue, or from undue 
turgescence of the vessels, there is either a diminution or a total absence 
of this fluid. It appears from the experiments of Magendie (to whom 
our knowledge of its importance is chiefly duo), that its withdrawal in 
living animals causes great disturbance of the cerebral functions, probably 
by allowing undue distension of the blood-vessels ; it is, however, capable 
of being very rapidly regenerated ; and its reproduction restores the 
nervous centres to their natural state. — As the ‘ cerebro-spinal fluid’ can 
readily find its way from the sub-arachnoid spaces of the cranial cavity 
into those of the spinal^ and as it is no less readily absorbed than repro- 
duced, it evidently serves as an equalizer of the amount of pressure 
within the cranial cavity ; admitting the distension or contraction of the 
vessels to take place, within certain limits, without any considerable 
change in the degree of compression to which the nervous matter is sub- 
jected. That this uniformity is of the greatest im 2 )ortanco to the func- 
tional exercise of the brain, is evident from a few well-known facts. If 
an aperture be made in the skull, and the protruding j^ortion of the 
brain be subjected to j^ressure, the immediate su 82 )ension of the activity 
of the whole organ is the result ; in this manner, a state resembling 
profound sleep can be induced in a moment, the normal activity being 
renewed as momentarily so soon as the pressure is withdrawn.! This 
phenomenon has often been observed in the Human subject, in cases in 
which a portion of the cranial envelope has been lost by disease or in- 
jury. The various symptoms of Cerebral disturbance which are due to 
a state of general Plethora, are evidently owing to an excess of pressure 
within the vessels ; but an undue diminution of pressure is no less inju- 
rious, as appears from the disturbance in the Cerebral functions which 
results from the very opposite cause, namely a de])ressioii of the power 
of the heart, or a deficiency of blood in the vessels. — It is of peculiai* 
importance to bear in mind the disturbance of the Cerebral functions 
occasioned by variations of internal pressure^ when we are endeavouring 
to draw inferences from the phenomena presented by disease. 

* M. Robin (‘^Journal de la Physiologic,” vol. ii. p. 637) has described an accessory 
tissue around the capillaries of the brain, in the space between which and the proper 
Tunica adventitia, free nuclei, fatty masses, and granules of hsematosine, are observable. 
M. Robin seems to be of opinion that these are the lymphatics of the bi-ain. 

t Schifif states that the Indian snake-charmers are accustomed to produce rigidity of 
the body by pressure on the occiput. 
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658. We shall now proceed with our Physiological inquiry into the 
functions of the Cerebrum ; and shall appeal, as before, to Human and 
Comparative Anatomy, to Experiment, and to Pathology, for our chief 
data. — The anatomical relations of the Cerebrum to the other Encephalic 
centres, clearly demonstrate that it is not one of the essential or funda- 
mental portions of the Nervous system ; but a superadded organ, receiv- 
ing all its impulses to action from the parts below, and operating upon 
the body at large through them. And its great bulk, joined to its 
position at the summit of the whole apparatus, — the vesicular substance 
of its convolutions affording a termination to the fibres in" connection 
with it, and not being for the most part only traversed by them, as is 
the case with that of all the lower centres, — clearly mark it out as the 
highest in its functional relations, and as ministering, so far as any 
material instrument may do, to the exercise of those psychical powers, 
which, in Man, exhibit so remarkable a predominance over the mere 
animal instincts. This conclusion is fully borne-out, when we extend 
our inquiries from Human to Comparative Anatomy; for with some 
apparent exceptions, which there would probably be no great difficulty 
in explaining if we were in possession of all the requisite data, there is a 
very close correspondence between the relative develoj^ment of the 
Cerebrum in the several tribes of Vertebrata,* and the degree of Intelli- 
gence they respectively possess, — using the latter term as a comprehensive 
expression of that series of mental actions, which consists in the inten- 
tional adaptation of means to ends, based on definite ideas as to the 
nature of both. It is not always easy to say, in the case of the lower 
animals, what parts of their actions are to be attributed to automatic 
impulses (i.e. to be considered as Instinctive), and what should be 
regarded as the results of Intelligence. The character of Intelligent 
actions, however, as compared with Instinctive (§ 430), is usually shown 
(I) in the variety of moans which are adopted to compass the same 
ends, and this not merely by different individuals and by successive 
generations, but by the same individual at different times; (2) by the 
improvement in the mode of accomplishing the object, which resfilts from 
the intelligent use of experience, and from the greater command of 
means which is progressively attained; and (3) by the conformity of the 
means to altered circumstances, so that the character of adaptiveness is 
still maintained, however widely the new conditions may depart from 
those which must be considered as natural to the species. 

554. The difference between actions which proceed from the Intel- 
lectual faculties prompted by the instinctive propensities, and those of 
a purely Instinctive character, is well seen in comparing Birds with 
Insects. The Instinctive tendencies of the two classes are of nearly the 
same kind ; and the usual arts which both exhibit in the construction of 
their habitations, in procuring their food, and in escaping from danger, 
must be regarded as intuitive, on account of the uniformity with which 
they are practised by different individuals of the same species, and the 
perfection with which they are exercised on the very first occasion. But 
in the adaptation of their operations to peculiar circumstances. Birds dis- 
play a variety and fertility of resource, far surpassing that which is mani- 
fested by Insects ; and it can scarcely be doubted by those who attentively 
* See *‘Priiic. of Comp. Phys.,” § 662 et seq. 
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observe their habits, that in such adaptations they are often guided by 
real Intelligence. This must be the case, for example, when they make 
trial of several means, and select that one which best answers the purpose; 
or when they make an obvious improvement from year to year in the 
comforts of their dwelling ; or when they are influenced in the choice of 
a situation by peculiar circumstances, which in a state of nature can 
scarcely be supposed to affect them. The complete domesticability of 
many Birds is in itself a proof of their possessing a certain degree of intel- 
ligence ; but this alone does not indicate the possession of more than a 
very low amount of it ; since many of the most domesticable animals are 
of the humblest intellectual capacity, and seem to become attached to Man, 
principally as the source on which they depend for the supply of their 
animal wants. But there are certain tribes of Birds, especially the Parrots 
and their allies, which possess an extraordinary degree of educability^ and 
which manifest a power of performing simple acts of reasoning^ that are 
quite comparable with those of a child when first learning to talk. 

555. This development of the InteUigence under the influence of Man, 
and in accordance with his habits rather than with the original habits of 
their species, is yet more remarkable in the case of those Mammals whose 
instincts lead them to attach themselves peculiarly to him, and whose 
powers of reasoning are called-forth in adapting themselves to the new 
circumstances in which they are thus placed. The actions of a Dog, a 
Horse, or an Elephant are evidently the result, in many instances, of a 
complex train of reasoning, differing in no essential respect from that 
which Man would perform in similar circumstances ; so that the epithet 
‘ half-reasoning,’ commonly applied to these animals, does not express 
the whole truth ; for their mental processes are of the same kind with 
those of Man, and differ more in the degree of comprehensiveness of their 
data and conclusiveness of their inferences, than they do in their essential 
character. We have no evidence, however, that any of the lower animals 
have a voluntary power of directing their mental operations, at all similar 
to that which Man possesses ; these operations, indeed, seem to be of very 
much the same character as those which we perform in connected dreams, 
different trains of thought commencing as they are suggested, and pro- 
ceeding according to the usual laws, until some other disturb them. — 
Although it is customary to regard the Dog and the Elephant as the most 
intelligent among the lower animals, it is not certain that we do so with 
justice ; for it is very possible that we are misled by that peculiar attach- 
ment to Man, which in them must be termed an instinct, and which 
enters as a motive into a large proportion of their actions ; and that, if 
we were more acquainted with the psychical characters of the higher 
Quadrumana, we should find in them a greater degree of mental capability 
than we now attribute to them. One thing is certain, that the higher the 
degree of Intelligence which we find characteristic of a particular race, 
the greater is the degree of variation which we meet- with in the characters 
of individuals ; thus everybody knows that there are stupid Dogs and 
clever Dogs, ill-tempered Dogs and good-tempered Dogs, — ^as there are 
stupid Men and clever Men, ill-tempered Men and good-tempered Men. 
But no one could distinguish between a stupid Bee and a clever Bee, or 
between a good-tempered Wasp and an ill-tempered Wasp, simply because 
all their actions are prompted by an unvarying Instinct. 
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556. In estimating the relative development of the Cerebrum in different 
tribes of Animals, and in comparing this with their relative Intelligence, 
it must be borne in mind that the size of the organ does not, considered 
alone, afford a means of accurate judgment as to its power. For the 
quantity of vesicular matter which it contains, affords the only fair 
criterion of the latter ; and of this we must judge, not merely by the 
superficial area, but by the number and depth of the convolutions, and 
by the thickness of the cortical layer. Again, there are many reasons 
why it is not fair to estimate the relative development of the Cerebrum 
by the proportion which it bears to the whole bulk of the animal ; and, 
on the whole, the most accurate basis of comparison would probably be 
afforded by the relation between the bulk of the Cerebrum and the 
diameter of the Spinal Cord. In making any such comparison, however, 
the Thalami Optici, Corpora Striata, and Corpora Quadrigemina sliould 
be excluded from the estimate, for reasons now sufficiently apparent ; 
and the bulk of the Cerebrum pr^oper should be alone determined, either 
by weight, or by the displacement of liquid. — But the Cerebrum varies 
in different classes and orders of Vertebrata, not merely in proportional 
size, but also in the relative development of its anterior, middle, and 
posterior lobes. This is a point of very great importance, in determining 
the value to be assigned to the organological system of Gall and 
Spurzheim and their followers. The Cerebrum of the Oviparous Verte- 
brata is not a miniature representative of that of Man, as a whole, but 
only of his anterior lobes ; as is sufficiently obvious from an examination 
of its connections with other parts, and from the absence of any other 
commissural connections between its two hemispheres than those which 
are afforded by the Sensory Ganglia. It is in the Implacental Mammals 
that we find the first rudiment of the middle lobes of the Cerebrum, and 
of the proper inter- cerebral commissure, the Corpus Callosum ; and even 
in the Rodents this is but very imperfectly developed. As we ascend 
the Mammalian series, we find the Cerebrum becoming more and more 
elongated posteriorly by the development of the middle lobes, and the 
inter-cerebral commissure becomes more complete ; but we must ascend 
as high as the Carnivora, before we find the least vestige of the posterior 
lobes ; and the rudiment which these possess is so rapidly enlarged in 
the Quadrumana, that in some of that group the posterior lobes are as 
fully developed in reference to the Cerebrum as a whole, and as com- 
pletely cover in the Cerebellum, as in the Human subject.* — The atten- 
tion which has yet been given to this department of inquiry, has not hitherto 
done more than confirm the statement already made, with regard to the 

* It has been asserted by the followers of Gall, that the development of the Cerebrum 
from behind forwards, as above described, is rather apparent than real : the whole organ 
being in fact pushed backwards by the excessive development of the anterior lobe. But 
the anatomical distinction between the anteiior and middle lobes is suRicieutly obvious 
externally ; and that of the middle and posterior lobes is also clearly marked-out by the 
development of the posteiior cornua of the lateral ventricles, and the situation of the 
hippocampus major. Hence tlie facts above stated do not admit of any such interpre- 
tation ; and they are fully borne-out by the history of the Embryonic development of the 
Cerebrum in Man, which precisely follows the above plan — It is not here denied that the 
anterior lobe of the Human Cerebrum is remarkable for its great extension forwards : 
but still, the difference between the Cerebrum of Man and that of the lower Mammalia 
consists much rather in the proportional development of the posterior lobes, than in that 
of the anterior. 
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general correspondence between the development of the Cerebrum and the 
manifestations of Intelligence ; very decided evidence of which is furnished 
by the great enlargement of the Cerebrum, and the corresponding alteration 
in the form of the Cranium, which present themselves in those races of Dogs 
most distinguished for their educability, when compared with those whose 
condition approximates most closely to what was probably their original 
state of wildness. 

557. This general inference drawn from Comparative Anatomy, is 
borne-out by observation of the Human species. When the Cerebrum 
is fully developed, it offers innumerable diversities of form and size 
among various individuals ; and there are as many diversities of character. 
It may be doubted if two individuals were ever exactly alike in this 
respect. That a Cerebrum which is greatly under the average size is 
incapable of performing its proper functions, and that the possessor of it 
must necessarily be more or less idiotic, there can be no reasonable doubt. 
On the other hand, that a large well-developed Cerebrum is found to 
exist in persons who have made themselves conspicuous in the world 
in virtue of their intellectual achievements, may be stated as a proposi- 
tion of equal generality. In these opposite cases, we witness most dis- 
tinctly the antagonism between the Instinctive and Voluntary powers. 
Those unfortunate beings in whom the Cerebrum is but little developed, 
are guided almost solely by their instinctive tendencies, which frequently 
manifest themselves with a degree of strength that would not have been 
supposed to exist ; and occasionally new instincts present themselves, of 
which the Human being is ordinarily regarded as destitute.* On the 
other hand, those who have obtained most influence over the understandings 
of others, have always been large-brained persons, of strong intellectual 
and volitional powers, whose emotional tendencies have been subordinated 
to the reason and will, and who have devoted their whole energy to the 
particular objects of their pursuit. — It is very different, however, with 
those who are actuated by what is ordinarily termed genius ; and whose 
influence is rather upon the feelings and intuitions^ than upon the under- 
standings, of others. Such persons are often very deficient in the power 
of even comprehending the ordinary affairs of life; and still more 
commonly they show an extreme want of judgment in the management 
of them, being under the immediate influence of their passions and 
emotions, which they do not suflSciently endeavour to control by their 
intelligent will. The life of a ‘ genius,’ whether his bent be towards 
poetry, music, painting, or pursuits of a more material character, is 
seldom one which can be held-up for 'imitation. In such persons, the 
general power of the mind being low, the Cerebrum is not usually found 
of any great size. — The mere comparative size of the Cerebrum, how- 
ever, affords no accurate measure of the amount of mental power ; for 
we not unfrequently meet with men possessing large and well-formed 
heads, whose psychical capability is not greater than that of others, the 
dimensions of whose crania have the same general proportion, but axe of 

* A remarkable instance of this was published some years since : — A perfectly idiotic 
girl, in Paris, having been seduced by some miscreant, was delivered of a child without 
assistance ; and it was found that she had gnawed the umbilical cord in two, in the same 
manner as is practised by the lower animals. It is scarcely to be supposed that she had 
any idea of the object of this separation. 
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mHoh less absolute size. Large brains, witb deficient activity, are 
commonly found in persons of what has been termed the phlegmatic 
temperament, in whom the general processes of life seem in a torpid 
and indolent state ; whilst small brains and great activity betoken what 
are known as the sanguine and nervous temperaments. 

558. Having now inquired into the evidence of the general functions 
of the Cerebrum, which may be derived from examination of its Com- 
parative development, we proceed to our other sources of information, 
Experiment .and Pathological phenomena. From neither of these, how- 
ever, is much positive information to be derived. — ^All the results of 
experiments concur to establish the fact, that no irritation, either of the 
vesicular or of the fibrous substance, produces either sensation or motion. 
These results are borne-out by pathological observations in Man ; for it 
has been frequently remarked, when it has been necessary to separate 
protruded portions of the Brain from the remainder, that this has given 
rise to no sensation, even in cases in which tlie mind has been perfectly 
clear at the time, nor has any convulsive action been produced. The 
results of partial mutilations are usually, in the first instance, a general 
disturbance of the Cerebral functions; which subsequently, however, 
more or less quickly subsides, leaving but little apparent affection of 
the animal functions, except muscular weakness. The whole of one 
Hemisphere has been removed in this way, without any evident conse- 
quence, save a temporary feebleness of the limbs on the opposite side of 
the body, and what was supposed to be a deficiency of sight through the 
opposite eye. ^J^he former was speedily recovered-from, and the animal 
performed all its movements as well as before ; the latter, however, was 
permanent, but the pupil remained active. 'V^en the upper jpart only 
of both Cerebral Hemisj)heres was removed by Hertwig, the animal was 
reduced, for fifteen days, to nearly the same condition with the one 
from which they had been altogether withdrawn ; but afterwards sensi- 
bility evidently returned, and the muscular power did not appear to be 
much diminished. — The effects of the entire removal of the Cerebral 
Hemispheres have been already stated (§512). So far as any inferences 
can be safely drawn from them, these frilly bear-out the conclusion that 
the Cerebrum is the organ of Intelligence ; since the animals which have 
suffered this mutilation appear to be constantly plunged in a profound 
sleep, from which no irritation ever seems able to arouse them into full 
activity, although they give manifestations of consciousness. It would 
be wrong hence to infer, however, as some have done, that such would 
be the natural condition of an animal without a Cerebrum ; since it is 
obvious that much of the disturbance of the sensorial powers which is 
occasioned by this operation, is fairly attributable to the laying-open of 
the cranial cavity, to the disturbance of the normal vascular pressure, 
and to the injury necessarily done to the parts which are left, by their 
severance from the Cerebrum. Hence the persistence of consciousness, 
after the entire removal of the Cerebrum, — which proves that the Cere- 
brum is not its seat, or at least not its exclusive seat, — is a far more im- 
portant fact than the positive destruction of psychical power which is 
consequent upon the operation. So far as they can be trusted, however, 
the results of such mutilations bear-out the views already put-forth, as to 
the superadded and non-essential character of the Cerebrum ; and justify 
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US in applying to the higher animals the inferencses to which we should 
be led by the contemplation of those forms of the nervous system in 
which no Cerebrum exists. There is nothing, therefore, to oppose the 
conclusion, that whilst sensations may be felt, and sensori-motor actions 
excited, independently of the Cerebrum,* the presence of thiR organ is 
essential to the formation of ideas or notions respecting the objects of 
sense, and to the performance of those psychical operations for which 
ideas furnish at once the material and the stimulus to activity. 

559. The information afforded by Pathological phenomena is equally 
far from being definite. Many instances are on record in which extensive 
disease has occurred in one Hemisphere, so as almost entirely to destroy 
it, without either any obvious injury to the mental j)owers, or any inter- 
ruption of the influence of the mind upon the body. But there is no 
case on record of any such severe lesion of both hemispheres, in which 
morbid phenomena were not evident during life. It is true that, in 
Chronic Hydrocephalus, a very remarkable alteration in the condition of 
the Brain sometimes presents itself, which might a priori have been sup- 
posed destructive to its power of activity ; the ventricles being so enor- 
mously distended with fluid, that the cerebral matter has seemed like a 
thin lamina spread over the interior of the enlarged cranium. But there 
is no proof that absolute destruction of any part was thus occasioned ; 
and it would seem that the very gradual nature of the change gives to 
the structure time for accommodating itself to it. This, in fact, is to 
be noticed in all diseases of the Encephalon. A sudden lesion, that may 
be so trifling as to escape observation unless this be very carefully con- 
ducted, will occasion very severe symptoms; whilst a chronic disease may 
gradually, extend itself, without any external manifestation. It will 
usually be found that sudden paralysis, of which the seat is in the Brain, 
results from some slight effusion of blood in the substance or in the 
neighbourhood of the Corpora Striata; whilst, if it follow disorder of long 
standing, a much greater amount of lesion commonly presents itself. 
In either case, the paralysis occurs in the opposite side of the hody^ as we 
should expect from the decussation of the Pyramids ; but it may occur 
either on the same, or on the opposite side of the /ace, — the cause of 
which is not very apparent. If convulsions accompany the paralysis, we 
may infer that the Corpora Quadrigemina, or the parts below, are involved 
in the injury ; and in this case it is usually found that the convulsions 
are on the paralyzed side of the body, — the effect of the lesion, both of 
the Cerebrum and of the Corpora Quadrigemina, being propagated to the 
opposite side by the decussation of the Pyramids. Where, as not unfre- 
quently happens, there is paralysis of one side accompanying convulsions 
on the other, it is commonly the result of a lesion affecting the base of 
the Brain and Medulla Oblongata on the side on which the convulsions 
take place : here the effect of the lesion has to cross from the Brain, 
whilst its influence on the Medulla Oblongata is shown on the same side. 
Many anomalies present tHemselves, however, which are by no means easy 
of explanation, in the present state of our knowledge. — The disturbance 

* It is worthy of remark, that M. Floureus, who in the first instance maintained that 
sensation is altogether destroyed by the removal of the Cerebrum, has substituted, in the 
Second Edition of his Researches, the word perception for senmihn; apparently imply- 
ing exactly what is maintained above. 
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of the Cerebral functions occasioned by those changes in its nutrition 
which are commonly included imder the general term Inflammation, 
presents a marked diversity of character according to the part it affects. 
Thus it is well known that the Delirium of excitement is usually a sjmp- 
tom of inflammation of the cortical substance or of the membranes of 
the Hemispheres. This is exactly what might be anticipated from the 
foregoing premises, since this condition is a perversion of the ordinary 
mental operations, which are dependent upon the instrumentality of the 
vesicular matter : and it is evidently impossible for the membranes to be 
affected with inflammation, without the nutrition of this substance being 
impaired, since it derives all its vessels directly from them. On the other 
hand, inflammation of the fibrous portion of the Cerebrum is usually 
attended rather with a state of torpor, than with excitement ; and with 
diminished power of the will over the muscles. It is stated by Foville, 
that in acute cases of Insanity, he has usually found the cortical sub- 
stance intensely red, but without adhesion to the membranes ; whilst in 
chronic cases it is indurated and adlierent : but where the insanity has 
been complicated with Paralysis, he has usually found the medullary por- 
tion indurated and congested. 

560. The general result of such investigations is, that the Cerebrum is 
the instrument of all those psychical operations, which we include under 
the general term Intellectual^ whilst it also affords, in part at least, the 
instrumental conditions of Emotional states ; and that all those muscular 
movements which result from voluntary determinations, or which are 
directly consequent upon emotional excitement, have their origin in its 
vesicular substance, though the motor impulse is immediately furnished 
by the Cranio-Spinal apparatus, upon which the Cerebrum playg (§ 533). 
It docs not hence follow, however, that the Cerebrum has such a direct 
relation to the Mind, that the consciousness is immediately and necessa- 
rily affected by changes taking-place in its own substance ; and, however 
startling the proposition may at first sight appear, that the organ of the 
intellectual operations is not itself endowed with consciousness, a careful 
consideration of the relations of the Cerebrum to the Sensory Ganglia 
will tend to show that there is no a priori absurdity in such a notion. 
For if the connection of the vesicular matter of the Cerebral Hemispheres 
with the Sensorial Centres, be anatomically the same as that which exists 
between these centres and the Eetina or any other peripheral expansion 
of vesicular matter in an organ of Sense, which we have seen that it is 
(§ 549), — and if the same kind of change may be excited in the Senso- 
rial Centres by an impression from each source, which has been shown 
to be a matter of common occurrence (§ 532), — it can scarcely be deemed 
unlikely that the Sensorial Centres should be the seat of consciousness, 
not merely for the impressions transmitted to them by the nerves of the 
external senses, but also for the impressions brought to them by the 
‘ nerves of the internal senses,’ as we may designate (after Eeil) the radiating 
fibres of the Cerebral Hemispheres (§ 549). S^d there is on the other 
hand an a priori improbability that there should be two seats of consci- 
ousness, so far removed from one another as the Sensory Ganglia and 
the vesicular surface of the Hemispheres (for to their medullary substance 
no such attribute can be assigned with the least probability) ; an idea 
which is quite at variance with that very simple and familiar class of 
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phenomena, which consists in the recollection of sensations. For the 
remembered sensation is so completely the reproduction of the original, 
that we can hardly suppose the seat of the two to be different ; yet the 
act of recollection is clearly Intellectual, and therefore Cerebral ; conse- 
quently, if we admit that the Sensory Ganglia are the seat of the original 
sen^tion, we can scarcely but admit that they are also the seat of that 
which is reproduced by a Cerebral act, — a view which is fuUy confirmed 
by the occurrence of automatic movements as consequences of its recal 
(§ 532). And a careful analysis of our own mental operations will 
often supply evidence of the evolution of results, such as ordinarily 
proceed from intellectual action, without any consciousness on our own 
parts of the steps whereby these are attained. 

561. Without presuming, then, to affirm positively what cannot be 
proved, it may bo stated as a probable inference from the facts already 
referred-to, that the Sensory Ganglia constitute the seat of consciousness, not 
merely for impressions on the Organs of Sense, but also for changes in the 
cortical substance of the Cerebrum; so that, until the latter have reacted 
downwards upon the Sensorium, we have no consciousness either of the 
formation of ideas, or of any intellectual process of which these may be 
the subjects. — Ideas, Emotions, Intellectual operations, (fee. have of late 
been frequently designated as ^ states of consciousness ; ’ and this psycho- 
logical description of them is in full harmony with the physiological 
account here given of the material conditions under which they respec- 
tively occur. For as a Sensiftion is a state of consciousness excited 
through the instrumentality of the Sensorium, by a certain change (e,g.) in 
the condition of the Ketina, it is not difficult to understand how a change 
in the condition of the Cerebrum may excite, through the same instru- 
mentality* that state of consciousness which may be termed Ideational,* 
or that another change may produce the Emotional consciousness, another 
the Intuitional consciousness, another the Logical consciousness. And 
although it may be thought at first sight to be a departure from the sim- 
plicity of Nature, to suppose that the Cerebrum should require another 
organ to give us a consciousness of its operations, yet we have the know- 
ledge that the Eye does not give us visual consciousness, nor the Ear 
auditory consciousness, unless they be connected with the Sensory Gan- 
glia; and in the end (the Author feels a strong assurance) it will be found 
much simpler to accept the doctrine of a common centre for sensational 
and for what may be distinguished as mental consciousness, than to 
regard the two centres as distinct. f 

* The Author ventures to use this term, the meaning of which requires no explanation, 
on the authority of Mr. James Mill, who remarks, — “As we say Sensation, we might also 
say Ideation ; it would he a very useful word ; and there is no objection to it, except the 
pedantic habit of decrying a new term. Sensation is the general name for one part of 
our constitution [or rather, for one state of our consciousness], Ideation for another.’* 
(“ Analysis of the Human Mind,” vol. i. p. 42.)— If the use of the substantive Ideation 
be admitted, there can be no reasonable objection to the adjective ideational. 

f It may serve to give additional confidence in the views above propounded, if the 
Author mentions that he was led by them to predict the psychological phenomena 
referred"to at the end of § 660, of which he was not at the time aware as facts, but 
of which he afterwards became assured by the analysis of his own consciousness, and 
by the communicated experience of others to whom he stated the question. — An int^est* 
ing and suggestive paper by Mr. Lockhart Clarke, * On the Nature of Volition,’ will 
be found in the “Psychological Journal” for October, 1862, 
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6. Of Sleep and Somnambulism. 

662. It is a peculiar feature in the physiology of the Cerebral and 
Sensorial Ganglia, that their activity undergoes a periodical suspension, 
more or less complete ; the necessity for this suspension arising out of the 
feet that the exercise of their functions is in itself destructive to their 
substance, so that, if this be not replaced by nutritive regeneration, they 
speedily become incapacitated for further use. The interesting researches 
of Mr. Arthur Durham* on the condition of the circulation in the Brain 
during sleep, have shown that the brain is then in an essentially bloodless 
condition, and that not only the quantity but the rapidity of movement 
of the blood in the vessels is materially diminished ; and this is corrobo- 
rated by the observations of Dr. J. Hughlings Jackson on the ophthalmo- 
scopic condition of the Retina during sleep, f the optic disc being then 
whiter, the arteries smaller, the veins somewhat larger, and the neigh- 
bouring part of the retina more anaemic, than in the waking state. In 
ordinary profound Sleep there is a state of complete unconsciousness, so 
far as external phenomena are concerned ; no ordinary impressions upon 
the organs of sense being either felt or perceived ; although an extraordi- 
nary impression, or even an habitual one upon which the attention has 
been previously fixed as that at which the slumberer is to awake himself 
(§ 569), occasions a renewal of sensorial activity. It is in this capability 
of being aroused by external impressions, that the chief difference lies 
between Sleep and the abnormal condition of Coma, whether this arise 
from the influence of pressure or effusion within the cranium, or be con- 
sequent upon the poisoning of the blood by narcotic substances, or follow 
a previous state of abnormal activity of the brain, such as Delirium. 
Between these two conditions, however, every gradation may be 
seen; as in the gradually-increasing torpor which results from slow 
effusion within the cranium, the gradual loss of susceptibility to external 
impressions which is observed after an over-dose of a narcotic, and the 
intensification of ordinary sleep which is consequent upon extreme previous 
fatigue. But it is a matter of doubt, whether the suspension of 
sensorial consciousness is equally complete as regards internal or Cerebral 
changes ; for some are of opinion that, even in the most profound sleep, 
we still dream, although we may not remember our dreams ; whilst otherp 
(and among these the Author would rank himself) consider that dreaming 
is a mark of imperfect sleep, and that, in profound ordinary sleep, the 
Cerebrum, in common with the Sensory Ganglia, is in a state of complete 
functional inactivity. When Dreaming takes place, there is usually a less 
complete exclusion of sensory impressions, although the perceptive con- 
sciousness may be entirely suspended ; so that the course of the dream 
may be influenced by them, although the mind is not conscious of them 
as such (§ 574). If this be the true account of the case, we may consider 
that in profound Sleep the functional activity of the Cerebrum and of the 
Sensory Ganglia is alike suspended ; but that in Dreaming the Cerebrum 
is partially active, whilst the Sensorium is in such a condition of recep- 

* Guy’s Hospital Reports,” Third Series, vol. vi. 

t See “ Royal Loud. Ophth. Hosp. Reports.” 
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tivity for Cerebral (subjective) impressionB that the mind becomes directly 
conscious of them, though it only becomes conscious of (objective) im- 
pressions made upon the Organs of Sense, after their influence has been 
transmitted through it to the Cerebrum, and has been, as it were, 
reflected-back by that organ. It is, in fact, by their influence upon the 
current of ideas, and not by their power of exciting sensations, that we 
recognize their operation under such circumstances. 

563. The state of Sleep is one to which there is beyond doubt a 
periodical tendency ; for, when the waking activity has continued during 
a considerable proportion of the twenty-four hours, a sense of fatigue is 
usually experienced, which indicates that the brain requires repose ; and 
it is only under some very strong physical or moral stimulus, that the 
mental energy can be sustained through the whole cycle. In fact, unless 
some decidedly abnormal condition of the Cerebrum be induced by the 
protraction of its functional activity. Sleep will at last supervene, from 
the absolute inability of the organ to sustain any further demands upon 
its energy, even in the midst of opposing influences of the most powerful 
nature.* That the strongest Volitional determination to remain awake 
is forced to give-way to Sleep, when this is required by the exhaustion of 
nervous power, must be within the experience of every one ; and the only 
way in which the Will can even retard its access, is by determinately 
fixing the consciousness upon some definite object, and resisting every 
tendency in the thoughts to wander from this. It does not appear to be 
of any consequence, whether this exhaustion be produced by the active 
exercise of volition, reflection, emotion, or simple sensation ; still we find 
that the volitional direction of the thoughts in a course different from 
that in which they tend spontaneously to flow, is productive of far more 
exhaustion than the automatic activity of the mind ; whilst, on the other 
hand, the excess of automatic activity, whether as regards the intellectual 
operations or emotional excitement, tends to prevent sleep. This is par- 
ticularly the case when the feelings are deeply interested ; thus the 
strong desire to work-out a result, or to complete the survey of a subject, 
is often sufficient to keep-up the intellectual activity as long as may be 
requisite (a state of restlessness indeed being often induced, which 
prevents the access of sleep for some time longer) ; so, again, anxiety or 
distress is a most frequent cause of wakefulness ; and it is generally to be 
observed that the state of suspense is more opposed to the access of sleep, 

* Thus it is on record, that, during the heat of the battle of the Nile, some of the 
over-fatigued boys fell asleep upon the deck : and during the last attack upon Kangoon, 
the Captain of one of the war-steamers most actively engaged, worn-out by the excess of 
continued mental tension, fell aslepp, and remained perfectly unconscious for two hours, 
within a yard of one of his largest guns, which was being worked energetically during the 
whole period. — So even the severest bodily pain yields before the imperative demand occa- 
sioned by the continued exhaustion of the powers of the sensorial centres ; thus Damiens 
slept upon the rack, during the intervals of his cruel suiferings ; the North American 
Indian at the stake of torture will go to sleep on the least remission of agony, and will 
slumber until the fire is applied to awaken him ; and the Medical Practitioner has frequent 
illustrations of the same fact. — That the continued demand for muscular activity is not 
incompatible with the access of sleep, is obvious from what has been already said of the 
persistence of the automatic movements in that condition ; it is well known that, 
previously to the shortening of the hours of work, factory children frequently fell asleep 
whilst attending to their machines, although weU aware that they should incur severe 
punishment by doing so. 
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than tihe greatest joy or the direst calamity when certainty has been 
attained.* But although an excess of automatic activity is opposed, so 
long as it continues, to the access of sleep, yet it cannot be long protracted 
without occasioning an extreme exhaustion of nervous power, which 
necessitates a long period of tranquillity for its complete restoration. 

564. Whilst, however, the necessity for Sleep arises out of the state 
of the nervous system itself, there are certain external conditions which 
favour its access ; and these, in common parlance, are termed its predis- 
posing causes. Among the most powerful of these, is the absence of 
sensorial impressions ; thus, darkness and silence usually promote repose ; 
and the cessation of the sense of muscular effort, which takes-place when 
we assume apposition that is sustained without it, is no less conducive to 
slumber. There are cases, however, in which the continuance of an 
accustomed sound is necessary, instead of positive silence, the cessation 
of the sound being a complete preventive of sleep ; thus it happens that 
persons living in the neighbourhood of the noisiest mills or forges cannot 
readily sleep elsewhere. Such cases are referable either to the influence 
of hahit^ which causes the attention of the individual to be more attracted 
by the suspension of the sound than by its continuance ; or to the fact 
that the monotonous repetition of sensorial impressions is often more 
favourable to sleep than their complete absence. Thus it is within the 
experience of every one, that the droning voice of a heavy reader on a 
dull subject is often a most effectual hypnotic ; in like manner, the ripple 
of the calm ocean on the shore, the sound of a distant waterfall, the 
rustling of foliage, the hum of bees, and similar impressions upon the 
auditory sense, are usually favourable to sleep ; and the muscular and 
tactile senses may be in like manner affected by an uniform succession 
of gentle movements, as we see in the mode in which nurses ^ hush -off’ 
infants, or in the practice of gently rubbing some part of the body which 
has been successfully employed by many who could not otherwise com- 
pose themselves to sleep. The reading of a dull book acts in the same 
mode through the visual sense ; for the eyes wander-on from line to line, 
and from page to page, receiving a series of sensorial impressions which 
are themselves of a very monotonous kind, and which only tend to keep 
the attention alive in proportion as they excite interesting ideas. 

565. In these and similar cases the influence of external impressions 
would seem to be exerted in withdrawing the mind from the distinct 
consciousness of its own operations (the loss of which is the transition- 
state towards that of complete unconsciousness), and in suspending the 
directing power of the Will. And this is the case, even where the atten- 
tion is in the first instance voluntarily directed to them ; as in some of 
the plans which have been recommended for the induction of sleep, when 
there exists no spontaneous disposition to it. In other methods, the 
attention is fixed upon some internal train of thought, which, when once 
set-going, may be carried-on automatically ; such as counting numbers, 
or repeating a French, Latin, or Greek verb. In either case, when the 
sensorial consciousness has been once steadily fixed, the monotony of the 

* Thus it is a common observation, that criminals under sentence of death sleep badly 
BO long as they entertain any hopes of a reprieve ; but when once they are satisfied that 
their death is inevitable, they usually sleep more soundly, and this even on the very last 
night of their lives. 
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impression (whether received from the Organs of Sense, or from the 
Cerebrum) tends to retain it there ; so that the Will abandons, as it 
were, all control over the operations of the mind, and allows it to yield 
itself up to the soporific influence. This last method is peculiarly effec- 
tual when the restlessness is dependent upon some mental agitation; 
provided that the Will has power to withdraw the thoughts from the 
exciting subject, and to reduce them to the tranquillizing state of a mere 
mechanical repetition. 

666. The access of Sleep is sometimes quite sudden ; the individual 
passing at once from a state of complete mental activity to one of entire 
torpor. More generally, however, it is gradual ; and various intermediate 
phases may bo detected, some of which bear a close resemblance to the 
state of Reverie. The same may be said with regard to the transition 
from the state of Sleep to that of wakeful activity ; and this also may be 
sudden and complete, although it usually consists of a succession of 
stages, — the complete consciousness of the individual’s relation to the ex- 
ternal world, and the power of directing his thoughts and actions to any 
subject about which he may be required to exert himself, being the last 
to return to him. There may be a rapid alternation of these different 
states ; the loss and recovery of the waking consciousness being many 
times repeated in the course of a few minutes, when the circumstances 
are such as to prevent the access of profound sleep by the recurrence of 
sensory impressions ; as when a man on horseback, wearied from want of 
rest, lapses at every moment into a dozing state, from which the loss of 
the balance of his body as frequently and suddenly arouses him ; or when 
a man going to sleep in a sitting posture, gradually loses the su 2 )port of 
the muscles which keep his head erect, his head droops by degrees and at 
last falls forward on his chest, and the slight shock thence ensuing par- 
tially arouses and restores his voluntary j)Ower, which again raises the 
head. Similar fluctuations occur in the •sensory perceptions ; and these 
may be often artificially induced by very simple means. ‘‘ We find, for 
example, one condition of sleep .so light, that a question asked restores 
consciousness enough for momentary understanding and reply ; and it is 
an old trick to bring sleepers into this state, by putting the hand into cold 
water, or producing some other sensation, not so active as to awaken, but 
sufficient to draw the mind from a more profound to a lighter slumber. 
This may be often repeated, sleep still going on ; but make the sound 
louder and more sudden, and complete waking at once ensues. The same 
with other sensations. Let the sleeper be gently touched, and he shows 
sensibility, if at all, by some slight muscular movement. A ruder touch 
excites more disturbance and motion, and probably changes the current 
of dreaming ; yet sleep will go on ; and it often requires a rough shaking, 
particularly in young persons, before full wakefulness can be obtained.” 

* * * “ It is certain that the faculties of sensibility and volition are often 
unequally awakened from sleep. The case may be stated, familiar to 
many, of a person sleeping in an upright posture, with the head falling 
over the breast ; in whom sensibility is suddenly aroused by some ex- 
ternal impression, but who is unable, for a certain time, to raise his head, 
though the sensation produced by this delay of voluntary action is singu- 
larly distressing.” These various cases, it is justly remarked by Sir H, 
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Holland,* depending severally on the intensity of sleep, and on the kind 
and degree of the external exciting causes, will be found to explain many 
of those so-called Mesmeric phenomena, which are offered to us under a 
widely different interpretation. And it may be here remarked, that 
among those intermediate states between sleep and waking, which either 
occur spontaneously, or can be induced in numerous individuals by very 
simple processes, there are several which exhibit peculiarities that are not 
in themselves in the least degree less remarkable, than are those which 
are regarded with so much wonder by the uninformed observer, when 
induced by the asserted Mesmeric influence, and paraded as specimens of 
its power. 

567. It is unquestionable that the supervention of Sleep may be pro- 
moted by the strong previous expectation of it ; and this is true, not 
merely of ordinary sleep, but of the states of artificial Keverie and Som- 
nambulism formerly described. Every one knows the influence of habit, 
not only in regard to * time,’ but also as to ‘ place and circumstance,’ in 
predisposing to Sleep. Thus, the celebrated pedestrian Capt. Barclay, 
when accomplishing his extraordinary feat of walking 1000 miles in as 
many successive hours, obtained at last such a mastery over himself that 
he fell asleep the instant he lay down. And the sleep of soldiers, sailors, 
and others, who are prevented by ^ duty’ from obtaining regular periods of 
repose, but are obliged to fiike their rest at short intervals, may be almost 
said to come at command ; nothing more being necessary to induce it, than 
the placing the body in an easy position, and the closure of the eyes. It 
is related that the Abb6 Faria, who acquired notoriety through his power 
of inducing somnambTilism, was accustomed merely to place his patient 
in an arm-chair, and then, after telling him to shut his eyes and collect 
himself, to pronounce in a strong voice and imperative tone the word 
“ dormez,” which was usually successful. The Author has had irequent 
opportunities of satisfying himself, that the greater success which attended 
the ‘ hypnotic’ mode of inducing somnambulism, in the hands of Mr. 
Braid, its discoverer, than in that of others, partly lay in the mental 
condition of his subjects, who came to him for the most part under the 
confident expectation of its production, and were further assured by a man 
of very determined will, that it could not be resisted, j- And it is one of the 
most curious phenomena of the state of induced Reverie, absurdly called 
‘ biological,’ that, in many subjects at least, sleep may be induced in a 
minute or less, by the positive assurance, with which the mind of the 
individual becomes possessed, that it will and must supervene. 

568. The influence of previous mental states is yet more remarkable, 
m detemining the effects produced upon the sleeper by different sensory 
impressions. The general rule is, that habitual impressions of any kind 
have much less effect in arousing the slumberer, than those of a new or 
unaccustomed character. An amusing instance of this kind has been 
related to the Author, which, even if not literally true, serves extremely 

excellent Chapter on SSIeep,’ from which the above extracts are taken, in his 

Medical Notes and Reflections,’* and his Chapters on Mental Physiology.” 

T A very amusing instance in which Sleep, having been previously induced by the ordi- 
nary mesmeric And then by the ^hypnotic’ processes, was brought-on by the simple belief 
^at ^ process was being put in practice, will be found in the “Brit, and For. Med. 
Bev.,” vol. xix. p. 477. 
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well as an illustration of what is unquestionably the ordinary fact. A 
gentleman who had taken his passage on board a ship of war, was aroused 
on the first morning by the report of the morning gun, which chanced to 
be fired just above his berth; the shock was so violent as to cause him to 
jump out of bed. On the second morning, he was again awoke, but this 
time he merely started and sat-up in bed; on the third morning, the 
report had simply the effect of causing him to open his eyes for a moment, 
and turn in his bed ; on the fourth morning, it ceased to affect him at 
all ; and his slumbers continued to be undisturbed by the report, so long 
as he remained on board. It often happens that sleep is terminated by 
the cessation of an accustomed sound, especially if this be one whose 
monotony or continuous repetition had been the original inducement to 
repose. Thus, a person who has been read or preached to sleep, will 
awake, if his slumber be not very profound, on the cessation of the voice ; 
and a naval officer, sleeping beneath the measured tread of the watch on 
deck, will awake if that tread be suspended. — In this latter case, the 
influence of the simple cessation of the impression will be augmented by 
the circumstance next to be alluded-to, which has received too little 
attention from writers on this subject, but which is of peculiar interest 
both in a physiological and psychological point of view, and is practically 
familiar to almost every one. 

569. The awakening power of sensory impressions is greatly modified 
by our habitual state of mind in regard to them. Thus, if we are accus- 
tomed to attend to these impressions, and our perception of them is thus 
increased in acuteness, we are much more easily aroused by them, than 
we are by others which are in themselves much stronger, but which we 
have been accustomed to disregard. Thus, most sleepers are aroused by 
the sound of their own names uttered in a low tone, when it requires a 
much louder sound of a different description to produce any manifestation 
of consciousness. The same thing is seen in comatose states ; a patient 
being often found capable of being momentarily aroused by shouting his 
name into his ear, when no other sound produces the least effect. — The 
following circumstance, communicated to the Author by the late Sir 
Edward Codrington, is a most apposite illustration of this principle. 
When a young man, he was serving as signal-lieutenant imder Lord Hood, 
at the time when the French fleet was confined in Toulon harbour ; and 
being desirous of obtaining the favourable notice of his commander, he 
devoted himself to his duty (that of watching for signals made by the 
look-out frigates) with the greatest energy and perseverance, often re- 
maining on deck nineteen hours out of the twenty -four, with his atten- 
tion constantly directed towards this one object. During the few hours 
which he spent in repose, his sleep was so profound that no noise of an 
ordinary kind, however loud, would awake him ; and it used to be a 
favourite amusement with his comrades, to try various experiments 
devised to test the soundness of his sleep. But if the word ‘ signal’ was 
even whispered in his ear, he was instantly aroused, and fit for immediate 
duty. — The influence of habitual attention is shown as much in the effect 
produced by the cessation, as in that of the occurrence, of sensory im- 
pressions. Thus in the case of the naval officer aroused by the suspension 
of the measured tread of the watch over his head, the knowledge pos- 
sessed during the waking state, that this suspension is either an act of 
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negligence which requires notice, or indicates some unusual occurrence, 
doubtless augments the effect which the discontinuance of the sound 
would of itself produce. 

570. It is not requisite, however, that the sound should be one 
habitually attended to during the hours of watchfulness ; for it is sufficient 
if it be one on which the attention has been fixed as that at which the 
slumberer is to arouse himself. Thus the medical man, even in his first 
profound sleep after a fatiguing day’s work, is aroused by the first stroke 
of the clapper of his night-bell ; and to those who are accustomed to rise 
every morning at the sound of an alarum-clock, the frequency and regu- 
larity of the occurrence do not diminish, but rather increase, the readi- 
ness with which it produces its effect, provided that the warning be 
promptly obeyed. On this usually depends the efficiency of the awaken- 
ing sound ; if it be disregarded as a thing to which there is no occasion 
to give heed, it very soon ceases to produce any effect, the entire peal 
not being sufficient to awake the sleeper ; whilst, on the other hand, the 
first stroke is enough to break the repose of him who is impressed with 
the effectual desire of profiting by the warning. And thus it may happen 
that, of two j)ersons in the same room, either shall be at once aroused by 
a sound which produces no disturbance in the slumbers of the other. 
To this influence of previous impressions, whether habitual, or but once 
forcibly made, we are also to refer the spontaneous termination of the 
state of sleep at particular times, without any sensorial excitement from 
external impressions. Thus, many persons who are accustomed to rise 
at a particular hour, wake regularly at that hour, whether they have gone 
to rest early or late ; so that the act of spontaneously awakening is no 
proof that the desirable amount of repose has been obtained. But what 
is more remarkable is, that many -individuals have the power of deter- 
mining, at the time of going to rest, the hour at which they shall rise, so 
as to awake from a profound sleep at the precise time fixed-upon. In 
others, however, the desire to rise at a particular hour only induces a 
state of restlessness throughout the night, destroying the soundness of the 
slumbers : the individual awakes many times in the night, witlT the belief 
that the hour is past, and very possibly oversleeps it after all, the system 
being worn-out by the need of repose. 

571. The Amount of Sleep required by Man is affected by so many 
conditions, especially age^ temperament^ habits and previovs exhaustion^ 
that no general rule can be laid-down on the subject. — The condition of 
\hefcetus in utero may be regarded as one of continual slumber; the ap- 
paratus of Animal life being completely secluded from all stimuli which 
could arouse it into activity, whilst the energy of the Organic functions is 
entirely directed to the building-up of the fabric. On its first entrance 
into the world, the infant continues to pass the greater part of its time 
in slumber ; ^nd this is particularly to be noticed in cases of premature’ 
birth, the seven months’ child seeming to awake only for the purpose of 
receiving food, and giving but little heed to external objects, whilst even 
the eight months’ child is considerably less alive to sensory impressions 
than iphe born at the full time. The excess of activity of the constructive 
over the destructive operations, which characterizes the whole period of 
infancy, childhood, and adolescence (chap, xviii.), requires that a larger 
proportion of the diurnal cycle shall be passed in sleep (during which the 
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former may be carried-on without hindrance), than is requisite when 
adult age has been attained, the two sets of changes being then balanced ; 
and the amount of sleep to which the system shows itself disposed, 
gradually diminishes from three-fourths to one-half, and from one-half to 
one-third, or even to one-quarter, of the twenty- four hours. It is to be 
noticed that the sleep of children or young persons is not only longer 
than that of adults, but is also more profound. On the other hand, as 
age advances, and the bodily and mental activity of the waking state 
decreases, a smaller amount of sleep suffices ; or, if the slumber be pro- 
tracted, it is usually less deep and refreshing. It may be noticed, however, 
that very old persons usually pass a large proportion of their time in sleep, 
or rather in a sort of heavy doze, especially after meals ; as if, in conse- 
quence of the want of energy of their nutritive operations, a very long 
period of repose is necessary to repair the waste which takes place during 
their short period of activity. — In regard to the influence of temperament ^ . 
it may be rejiiarked that a plethoric habit of body, sustained by full diet, 
usually predisposes to sleep, provided that the digestive powers be in a 
vigorous condition ; persons of this constitution frequently pass nine or 
ten hours in slumber, and maintain that they cannot be adequately re- 
freshed by less. On the other hand, thin wiry peojde, in whom the 
^ nervous’ temperament ])redomi nates, usually take comparatively little 
sleep, notwithstanding the greater activity of their nervous system when 
they are awake ; but their slumber, while it lasts, is generally very deep. 
Persons of ‘lym])hatic’ temperament, heavy passionless people, who may 
be said to live very slowly, arc usually great sleepers ; but this is rather 
because, through the dulness of their percei)tions, they are less easily kept 
awake by sensorial or mental excitement, than because they really require 
a prolonged cessation of activity. As they are half asleep during the 
waking state, so would it appear that the constructive operations must 
be far from active while they are asleep, so little do they seem restored by 
the repose. — The amount of sleep, cceter is paribus^ required by individuals, 
is very greatly influenced by habit ; and, contrary to what we might an- 
ticipate, we find that the briefest sleepers have usually been men of the 
greatest mental activity. Thus Frederick the Great and John Hunter 
are said to have only required five hours’ sleep out of the twenty-four ; 
and General Elliot, celebrated for his defence of Gibraltar, is recorded not 
to have slept more than four hours out of the twenty -four. It may be 
doubted whether it would be possible for any one to sustain a life of vigor- 
ous exertion upon a smaller allowance than this ; and the general fact is, 
that from six to eight hours of repose, out of every twenty-four, are re- 
quired to keep the system of an adult in a state of healthful activity. 
The influence of habit may be brought to bear on the protraction, as well 
as on the abbreviation, of the usual period. Thus Quin, the celebrated 
actor, could slumber for twenty -four hours successively ; and Dr. Eeid, 
the metaphysician, could take as much food, and afterwards as much sleep, 
as were sufficient for two days. — It is needless to dwell upon the obvious 
fact, that, other things being equal, the amount of sleep required by man 
is proportional to the amount of mental exertion put-forth during the 
waking hours; since this is an obvious result of what has been laid-down^ 
as the cause of the demand for sleep. It may be remarked, however, 
that we must not measure the amount of sleep by its duration alone : 
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since its intensity is a matter of equal importance. The light slumber 
which is disturbed by the slightest sounds, cannot be as renovating as 
the profound sopor of those whom no ordinary noise will awake. 

672. There are certain states of the Encephalic centres, in which there 
is an entire absence of Sleep ; and this may continue for many days, or 
even for weeks or months. Insomnia is, for instance, one of the character- 
istics of acute Mania, and may also exist in various forms of Monomania; 
it is usually, also, one of the symptoms of incipient meningeal inflamma- 
tion ; and it may constitute a specific disease in itself. In all these cases, 
however, the preponderance oil^Qdestructive processes over the constructive 
manifests itself, sooner or later, in the exhaustion of the mental and bodily 
powers. Thus Mania, when prolonged or frequently recurring, subsides 
into Dementia ; and, if it continue for any length of time, is sure to be 
followed by a great sense of wretchedness and prostration, frequently 
accompanied by continual restlessness. Such effects, too, in a less aggra- 
vated degree, result from habitual deficiency of sleep ; whether this be 
due to emotional excitement which keeps repose at bay, or to a voluntary 
determination to keep the intellect in activity. This is a very common 
occurrence among industrious students, who, with a laudable desire for 
distinction, allow themselves less than the needed quantum of repose. 
Headache, tension, heat, throbbing, and various other unpleasant sensa- 
tions in the head, give warning that the brain is being overtasked ; and if 
this warning be not taken, sleep, which it was at first difficult to resist, 
becomes even more difficult to obtain ; a state of general restlessness and 
feverish excitement is induced ; and if, in spite of this, the effort be con- 
tinued, serious consequences, in the form of cerebral inflammation, apo- 
plexy, paralysis, fever, insanity, or loss of mental power, more or less 
complete, are nearly certain to be induced. Some individuals can sus- 
tain such an effort much longer than others, but it is a great mistake to 
suppose that they are not equally injured by it ; in fact, being possessed 
with the belief that they are not suffering from the exertion, they fre- 
quently protract it, until a sudden and complete prostration gives a fearful 
demonstration of the cumulative effects of the injurious course in which 
they have been persevering. Those, consequently, who are earlier forced 
to give-way, are frequently capable of accomplishing more in the end, — 
In regard to the degree of protraction of sleep which is consistent with a 
healthy state of the system in other respects, it is difficult to speak with 
certainty. Of the numerous well-authenticated instances on record,* in 
which sleep has been continuously prolonged for many days or even 
weeks, it is enough here to state that they cannot be regarded as examples 
of natural sleep ; the st^te of such persons being more closely allied to 
hysteric coma. An imusual tendency to ordinary sleep generally indi- 
cates a congested state of the brain, tending to apoplexy ; and it has been 
stated that apoplexy has been actually induced by the experimental attempt 
to ascertain how large a proportion of the diurnal cycle might be spent in 
sleep. — Thus, on either side, inattention to the dictates of Nature, in 
respect to the amount of sleep required for the renovation of the system, 
becomes a source of disease, and should therefore be carefully avoided. 

573. Dreaming. — ^We have hitherto spoken of Sleep in its most com- 

* Such, for example, as that of Samuel Chilton (“ Phil. Trans./’ 1694), and that of 
Mary Lyail (“ Trans, of Roy. Soc. of Bdinb.,” 1818). 
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plete or profound form ; that is, the state of complete unconsciousness. 
But with the absence of consciousness of external things, there may be a 
state of mental activity of which we are more or less distinctly cognizant 
at the time, and of which our subsequent remembrance in the waking 
state varies greatly in completeness. The chief peculiarity of this state of 
dreaming appears to be, that there is an entire suspension of Volitional 
control over the current of thought, which flows on automatically, some- 
times in a uniform coherent order, but more commonly in a strangely 
incongruous sequence. The former is most likely to occur when the 
mind simply takes-up the train of thought on which it had been engaged 
during the waking-hours, not long previously ; and it may even happen 
that, in consequence of the freedom from distraction resulting from the 
suspension of external influences, the Reasoning processes may thus be 
carried-on during sleep with unusual vigour and success, and the Imagi- 
nation may develope new and harmonious forms of beauty.* The more 
general fact is, however, that there is an entire want of any ostensible 
coherence between the ideas which successively present themselves to the 
consciousness ; and yet we are completely unaware of the incongruous- 
ness of the combinations which are thus formed. It has been well 
remarked that “ nothing surprises us in dreams.” All probabilities of 
‘ time, place, and circumstance ’ are violated ; the dead pass before us as 
if alive and well ; even the sages of antiquity hold personal converse 
with us ; our friends upon the antipodes are brought upon the scene, or 
we ourselves are conveyed thither, without the least perception of the 
intervening distance ; and occurrences, such as in our waking state would 
excite the strongest emotions, may be contemplated without the slightest 
feeling of a painful or pleasurable nature. Facts and events long since 
forgotten in the waking state, and remaining only as latent impressions 
on the Cerebrum, present themselves to the mind of the dreamer ; and 
many instances have occurred, in which the subsequent retention of the 
knowledge thus re-acquired has led to most important results. f But one 
of the most remarkable of all the peculiarities in tlie state of dreaming, 
is the rapidity with which trains of thought pass through the mind ; for 
a dream in which a long scries of events has seemed to occur, and a 
multitude of images has been successively raised-up, has been often 
certainly known to have occupied only a few minutes, or even seconds, 
although whole years may seem to the dreamer to have elapsed. There 
would not appear, in truth, to be any limit to the amount of thought 
which may thus pass through the mind of tlie dreamer, in an interval so 
brief as to be scarcely capable of measurement ; as is obvious from the 
fact, that a dream involving a long succession of supposed events, has 

* Thus, Condorcet saw in his dreams the final steps of a difficult calculation which 
had puzzled him during the day; and Condillac tells us that, when eugaged in his 

Cours d’Etude,” he frequently developed and finished a subject in his drems, which 
he had broken -off before retiring to rest. Coleridge relates of himself that his fragment 
“ Kubla Khan” was composed during sleep, which had come uj^ him whilst reading 
the passage in “Purchas’s Pilgiimage,” on which the poetical de^tjription was founded, and 
was written* down immediately on awaking, “the images risang up before him as things, 
with a parallel production of the correspondent expressions, without any sensation or 
consciousness of effort. ” 

t See a number of such cases in Dr, A.bercrombie’s “ Inquiries concerning the Intel- 
lectual Powders.” 
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often distinctly originated in a sound which has also awoke the sleeper, 
so that the whole must have passed during the almost inappreciable 
period of transition between the previous state of sleep and the full 
waking consciousness * Hence it has been argued by some, that all our 
dreams really take place in the momentary passage between the states of 
sleeping and waking j but such an idea is not consistent with the fact, 
that the course of a dream may often be traced by observing the suc- 
cessive changes of expression in the countenance of the dreamer. It 
seemsj however, that those dreams are most distinctly remembered in the 
waking state which have passed through the mind during the transitional 
phase just alluded- to ; whilst those which occur in a state more allied 
to Somnambulism, are more completely isolated from the ordinary con- 
sciousness. — There is a phase of* the dreaming state which is worthy 
of notice as marking another gradation between this and the vigilant 
state ; that, namely, in which the dreamer has a consciousness that he 
is dreaming, being aware of the unreality of the images which present 
themselves before his mind. He may even make a voluntary and suc- 
cessful effort to prolong them if agreeable, or to dissi 2 )ate them if 
unpleasing ; thus evincing the possession of a certain degree of that 
directing power, the entire want of which is the characteristic of the true 
state of Dreaming. 

574. But the sensibility to external impressions may not be entirely 
suspended in Dreaming ; and it is curious that even where sensations are 
not recognized by the mind of the dreamer as proceeding from external 
objects, they may aflect the course of its own thoughts ; so that the 
character of the dreams may be in some degree predetermined by such 
an arrangement of sensory impressions as is likely to modify them. This 
is especially the case in regard to the dreamy state induced by certain 
narcotics, such as the Ilachisch (a preparation of Canhahis Indica)^ em- 
ployed for this purpose in the East ; for the emotional condition of 
the individual under its influence is entirely under the control of external 
impressions ; so that those who give themselves uj) to the intoxication of 
the /awfasm, take care to withdraw themselves from everything which 
could give their delirium a tendency to melancholy, or excite in them 
anything else than feelings of pleasurable enjoyment. f Moreover, there 
are certain forms of ordinary Dreaming, in which the whole succession 
of thought and feeling (which is made manifest by the words occasionally 
uttered, or by the play of countenance, or by the more active move- 
ments of the dreamer) may be governed by external suggestion ; as, for 
example, in the well-known case of the officer who amused his friends by 
acting his dreams during the expedition to Louisburgh, the course of 
these dreams being capable of direction by whispering into the sleeper’s 

* The only phase of the waking state, in which any such intensely-rapid snccession 
of thoughts presents itself, is that which is now well attested as a frequent occurrence, 
under circuna stances in which there is imminent danger of death, especially by drown- 
ing ; the whole previous life of the individual seeming to be presented instantaneously 
to his view, with its every important incident vividly impressed on his consciousness, 
just as if all wei*e combined in a picture, the whole of which could be taken-in at a 
glance. 

t Seethe Author’s article, ‘Sleep,’ in the “Cyclop, of Anat. and Phys.,” vol. iv. 
pp. 688-690; and Moreau, “Du Hachisch et de I'Alilnation Mentale, Etudes Psycho- 
logiques,” p. 67. 
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ear, especially if this was done by a friend with whose voice he was 
familiar.* Such forms of Dreaming constitute a transition to the state of 
Somnambulism. 

575. Somnambulism, — The phenomena of Somnambulism are so various, 
that it is difficult to give any general definition that shall include the 
whole ; but it is a condition which is common to all forms of this state, 
that the controlling power of the Will over the current of thought is 
entirely suspended, and that all the actions are directly prompted by the 
ideas which possess the mind ; and the differences chiefly arise out of the 
mode in which the succession of ideas is directed, this being in some 
cases a coherent sequence through the whole of which some one dominant 
impression may be traced, whilst in other instances it is more or less 
completely determinable by external suggestions. These two forms are 
thus parallel to the states of spontaneous Abstraction and artificial Reverie 
(Electro-Biology) respectively; but difEerfrom them both in this essential 
feature, — that they occur in a state of consciousness so far distinct from 
the ordinary waking condition, as not to be connected with it by the 
ordinary link of Memory ; and that although the course of thought in 
Somnambulism usually manifests the directing influence of previous 
habits, and the knowledge of persons and things possessed during the 
waking state may be readily brought before the mind, yet nothing which 
occurs during the state of Somnambulism is ever retraced spontaneously, 
or can be brought back by an act of recollection. Impressions upon the 
nervous system, however, are sometimes left by strong emotional excite- 
ment, which give-rise to subsequent feelings of discomfort, of whose origin 
the individual is entirely unconscious. f — In the first of the jdiases just 
referred-to, a train of reasoning is often carried-out with remarkable 
clearness and correctne'^s, and its results expressed in appropriate lan- 
guage, or otherwise actcd-oii. Thus, a mathematician may work-out a 
difficult problem, an orator may make a speech appropriate to the occa- 
sion on which he supposes himself to be called-up, or an author may 
compose and commit to writing poetry or prose, upon the subject which 
occupies his thoughts. But it is a frequent defect of the intellectual 
operations carried-on in this condition, that, through the complete absorp- 
tion of the attention by one set of considerations, no account is taken of 
others which ought to modify the conclusion ; and this, although it may 
be palpably inconsistent with the teachings of ordinary experience, is not 
felt to be so, unless the latter should happen to present themselves un- 
bidden to the thoughts. 

576. The second of the phases above mentioned, which is especially 
seen in the artificial Somnambulism induced by the (so-called) Mesmeric 
process, or by the fixed gaze at a near object (as practised by Mr, Braid 
under the name of Hypnotism)^ is essentially the same as that of the 
‘biological’ condition, save in the different relation which they respec- 

* This case is detailed by Dr. Abercrombie Inquiries concerning the Intellectual 
Powers,” 5tli ed., p. 277), on the authority of Dr. Gregory, to whom it was related by 
a gentleman who witnessed it. A case of a very similar nature, the subject of which 
was a medical student at Edinburgh, is related in Smellie’s “Philosophy of Natural 
IXiut/ory • 

4* See a very curious example of this kind, which fell under the Author b owu 
observation, narrated in the article ‘Sleep,’ in the “Cyclop, of Anat. and Phya., ’ 
vol. iv. p. 693. 
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tively bear to the waking state ; for there is the same readiness to receive 
new impressions through the senses (the visual sense, however, being 
generally in abeyance), and the same want of persistence in any one 
train of ideas, the direction of the thoughts being entirely determined 
by the suggestions which are introduced from without. In either of 
these extreme forms of Somnambulism, and in the numerous inter- 
mediate phases which connect the two, the consciousness seems entirely 
given-up to the one impression which is operating upon it at the 
time ; so that whilst the attention , is exclusively directed upon any 
object, whether actually perceived through the senses, or brought sug- 
gestively before the mind by previous ideas, nothing else is felt. Thus 
there may be complete insensibility to bodily pain, the somnambulist’s 
whole attention being given to what is passing in his mind ; yet in an 
instant, by directing the attention to the organs of sense, the anajsthesia 
may be replaced by ordinary sensibility; or, by the fixation of the 
attention on any one class oi’ sensations, these shall be perceived with 
most extraordinary acuteness, whilst there may be a state of complete 
insensibility as regards the rest. — Thus, the Author has witnessed a 
case in which such an exaltation of the sense of Smell was manifested, 
that the subject of it discovered without difficulty the owner of a glove 
placed in his hand, in an assembly of fifty or sixty persons ; and in the 
same case, as in many others, there was a similar exaltation of the sense 
of Temperature. The exaltation of the Muscular Sense, by which various 
actions that ordinarily require the guidance of vision, are directed inde- 
pendently of it, is a phenomenon common to the ‘ mesmeric’ with various 
other forms of artificial as well as of natural Somnambulism. The 
Author has repeatedly seen Mr. Braid’s ‘ hypnotized’ subjects write with 
the most perfect regularity, when an opaque screen was interposed 
between their eyes and the paper, the lines being equidistant and 
parallel ; and it is not uncommon for the writer to carry back his pen or 
pencil to dot an z or cross a t, or make some other correction in a letter 
or word. Mr. B. had one patient who would thus go back and correct 
with accuracy the writing on a whole page of note-paper ; but if the 
paper was moved from the position it had previously occupied on the 
table, aU the corrections were on ^the wrong points of the paper as 
regarded the actual place of the writing, though on the right points as 
regarded its previous place ; sometimes, however, he would take a fresh 
departure, by feeling for the upper left-hand corner of the paper, and 
all his corrections were then made in their right positions, notwith- 
standing the displacement of the paper. — So, again, when the atten- 
tion of the somnambulist is fixed upon a certain train of thought, 
whatever may be spoken in harmony with this is heard and appreciated ; 
but what has no relation to it, or is in discordance with it, is entirely 
disregarded. 

577. It is among the most curious of the numerous facts which 
Mr. Braid’s investigations upon artificial Somnambulism have brought 
to light, that the suggestions derived from the ^ muscular sense ’ have a 
peculiar potency in determining the current of thought. For if the face, 
body, or limbs be brought into an attitude that is expressive of any 
particular emotion, or that corresponds with that in which it would be 
placed for the performance of any voluntary action, the corresponding 
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mental state, — that is, either an Emotional condition afPeoting the 
general direction of the thoughts, or the Idea of a particular action, — 
is called-up in reapondence to it. Thus, if the hand be placed upon 
the vertex, the Somnambulist will frequently, of his own accord, draw 
his body up to its fullest height, and throw his head slightly back ; his 
countenance then assumes an expression of the most lofty pride, and the 
whole train of thought is obviously under the domination of this feeling ; 
as is manifested by the replies which the individual makes to interro- 
gatories, and by the tone and manner in which these are delivered. 
Where the first action does not of itself call-forth the rest, it is sufficient 
to straighten the legs and spine, and to throw the head somewhat back, 
to arouse the emotion, with its corresponding manifestation, in its fuU 
intensity. If, during the most complete domination of this emotion, 
the head be bent forwards and the body and limbs be gently flexed, the 
most profound humility then takes its place. So, again, if the angles of 
the mouth be gently separated from one another, as in laughter, a hila- 
rious disposition is immediately generated; and this may be made to 
give place to moroseness, by drawing the eyebrows towards each other 
and downwards upon the nose, as in frowning.* So, again, if the hand 
be raised above the head, and the fingers be flexed upon the palm, the 
idea of climbing, swinging, or j)ulling at a rope is called-up in such as 
have been used to such kinds of exertion ; if, on the other hand, the 
fingers be flexed when the arm is hanging-down at the side, the idea 
suggested is that of lifting a weight ; and if the same flexure be made 
when the arm is advanced forwards in the position of striking a blow, 
the idea of fighting is at once aroused, and the Somnambulist is very apt 
to put it into immediate execution.| 

* The Author has not only repeatedly witnessed all these effects, as produced by Mr. 
Braid upon ‘ hypnotized’ subjects, of whom several had never been previously in that 
condition, and had no idea whatever of what was expected from them ; but he has been 
assured by a most intelligent medical friend, who has paid special attention to the 
psychological part of this inquiry, that having subjected himself to Mr. Braid’s practice, 
and having been only partially thrown into the ‘hypnotic’ state (in fact, ‘biologized’), he 
distinctly remembers everything that was done, and can retrace the uncontrollable effect 
upon his emotional state, which was produced by this management of his muscular 
apparatus. 

t On one occasion on which the Author witnessed this result, a violent blow was 
struck, which chanced to alight upon a second somnambulist within reach ; his com- 
bativeness being thereby excited, the two closed, and began to belabour one another with 
such energy, that they were with difficulty separated. Although their passions were at 
the moment so strongly excited, that eyen when separated they continued to utter 
furious denunciations against each other, yet a little discreet manipulation of their 
muscles soon calmed them and restored them to perfect good-humour. 
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CHAPTER XII. 

OF THE ORGANS OF THE SENSES, AND THEIR FUNCTIONS. 

1. Of Sensibility in General. 

578. We have seen that the conscious Mind is affected by impressions 
made upon the corporeal organism, — or, in other words, that Sensation 
is produced, — through the instrumentality of a certain part of the Ence- 
phalon termed the Sensorium^ which is the general centre of the nerves 
both of ‘ special ’ and of ‘ common * sensibility ; the former connect it 
with the special Organs of Sense, the latter with the body generally, to 
the several parts of which they are by no means uniformly distributed, 
some tissues being altogether destitute of them. Those parts of the body 
which are endowed with sensory fibres, and impressions on which, there- 
fore, give rise to sensation, are ordinarily spokcn-of as sensible ; and 
different parts arc said to be sensible in different degrees, according to 
the stren^h of the sensation produced by a corresponding impression on 
each. In accordance with the general fact of the dependence of all 
Nervous action on the continuance of the Circulation of the blood, it is 
found that the sensory nerves are distributed pretty much in the same 
proportion as the blood-vessels : that is to say, in the non- vascular tissues, 
— such as the epidermis, hair, nails, cartilage, and bony substance of the 
teeth, — ^no nerves exist, and there is an entire absence of sensibility ; and 
in those whoso vascularity is trifling, as is the case with bones, tendons, 
ligaments, fibrous membranes, and other parts whose functions are simply 
mechanical, and even with serous and areolar membranes, there are few 
nerves, and the sensibility is dull. Many of these textures are acutely 
sensible, however, under certain circumstances; thus, although tendons 
and ligaments may be wounded, burned, &c., without much consciousness 
of the injury being aroused, they cannot be stretched without the produc- 
tion of considerable pain; and the fibrous, serous, and areolar tissues, 
when their vascularity is increased by inflammation, also become extremely 
susceptible of painful impressions. All very vascular parts, however, do 
not possess acute sensibility ; the muscles, for instance, are furnished with 
a large supply of blood, to enable them to perform their peculiar function ; 
but they are not sensible in by any means the same proportion. Even the 
substance of the brain, and of the nerves of special sensation, appears to 
be destitute of this endowment ; and the same may be said of the 
mucous membranes lining the interior of the several viscera, which, in 
the ordinary condition, are much less sensible than the membranes that 
cover those viscera, although so plentifully supplied with blood for their 
especial purposes. The most sensible of all parts of the body is the 
Skin, in which the sensory nerves spread themselves out into a minute 
network ; and even of this tissue, the sensibility differs greatly in different 
parts (§ 584). — The organs of Special Sensation become, by the peculiar 
character of the nerves with which they are supplied, 'the recipients of 
impressions of a particular kind ; thus, the Eye is sensible to light, the 
Ear to sound, &c. ; and whatever amount of ordinary sensibility they 
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possess, is dependent upon other sensory nerves. The eye, for example, 
contrary to the usual notions, is a very insensible part of the body, 
unless affected with inflammation , for though tlje mucous membrane 
which covers its surface, and which is prolonged from the skin, is acutely 
sensible to tactile impressions, the interior is by no means so, as is well 
known to those who have operated much on this organ. And the 
common sensory nerves which supply certain parts of the body, are 
adapted to receive and convey to the mind impressions of particular 
kinds, with much greater readiness than they communicate those of a 
different description , thus the sensibility to tickling is much greater on 
some parts of the surface than on others , and this kind of excitement, 
applied to the genitals or to the nipjile, produces sensations of a most 
peculiar order 

579 An active Capillary Circulation being essential to the sensibility 
of every part supplied with nerves, any cause which retards this deadens 
the sensibility, as is well seen with regard to Cold , and, on the other 
hand, an increase in its energy produces a corresponding increase in the 
sensibility, as is peculiarly evident in the ‘ active congestion ’ which 
usually precedes and accompanies Inflammation A diminution or in- 
crease of sensibility to external impressions may arise, however, not only 
from an abnormal state of the circulation in the organ or part itself, 
but from the similar conditions affecting that part of the Sensor mm in 
which the iminessions are received Thus in those various conditions 
of the Encephalon, in which either a stagnation of the circulation, or an 
abnorm«d state of the blood (such as that produced by anaesthetic agents), 
occasions a dimmibhed functional activity in the Sensorial centres, this 
IS marked by obtuscncss to sensory impressions , on the other hand, in 
active congestion of the biain, the most ordinary external impressions 
produce sensations of an unbearable violence , and m that peculiar con- 
dition of the nervous system known under the name of Hysterical, 
the patients often manifest the same hyjieraesthcsia, even when the cir- 
culation IS in a feeble, rather than in an excited state * It is remark- 
able that the sensibility of the mucous membranes lining the internal 
organs, is less exalted by the state of inflammation, than is that of most 
other parts , and in this arrangement we may trace a wise and bene- 
ficent pro\ision , since, were it otherwise, the functions necessary to life 
could not be performed without extreme distress, whenever a very 
moderate amount of disorder might exist in the viscera If a joint is 
inflamed, we can give it rest , but to the actions of the alimentary 
canal we can^ive little voluntary respite 

580 It IS through the medium of Sensation, that we acquire a knowledge 
of the material Universe around us, by the psychical operations which 
its changes excite in ourselves The various kinds or modes of Sensation 
suggest to us various ideas regarding the properties of matter ; and these 
properties are known to us, only through the changes which they produce 
in the several organs It is well known that instances exist, in which, 

* The influence of toxic agents introduced into the blood, in producing Ansesthesia 
and Hypersesthesia, constitutes a very wide field of inquiry, the investigation of which 
has been ably commenced by Dr Anstie, in his interesting work on Stimulants and 
Narcotics (London, 1864) It is remarkable that Lead and Alcohol should be 
capable of inducing either of these states 
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from some imperfection of the organization, there is an incapacity for 
distinguishing colours or musical tones, whilst there is no want of sensi- 
bility to light or soirnd ; and that some persons are naturally endowed with 
a much greater range of the sensoiy faculties, than that possessed by 
others. Hence it does not seem at all improbable, that there are pro- 
perties of matter of which none of our senses can take immediate cog- 
nizance ; and which other beings might be formed to perceive, in the 
same manner as we are sensible to light, sound, &c. Thus many animals 
are affected by atmospheric changes, in such a manner that their actions 
are regarded by Man as indications of the probable state of the weather ; 
and the same is the case in a less degree with some of our own species, 
who are peculiarly susceptible of the like influences. — Now the most 
universal of all the qualities or properties of Matter, on which, in fact, our 
notion of it is chiefly founded, is its occupation of space, producing 
a more or less complete resistance to displacement ; and this quality is 
that through which alone any knowledge of the external world can be 
obtained by a large proportion of the lower Animals ; contact between 
their own surface and some material body, being required to produce 
sensation. We shall presently see, however, that the idea of the shape 
of a body which we form from the touch, results from a very complex 
process, such as animals of the lower grades can scarcely be supposed to 
exercise. There can be little doubt that, next to the mere sense of 
resistance, sensibility to temperature is the most universally diffused 
through the Animal kingdom ; and probably the consciousness of lumi- 
nosity is the next in the extent of its diffusion.* It is probable that the 
sense of taste (which has a close aflinity to that of touch) exists very low 
down in the animal scale, being obviously of great importance in the 
selection of food ; but the Anatomist has no means of ascertaining where 
this refinement exists, and where it does not ; since the organs of taste 
and touch are very similar. The sense of hearing does not seem to be 
distinctly present among the Invertebrate animals, except in such as 
approach most nearly to the Vertebrata ; it is not improbable, however, 
that sonorous vibrations may produce an effect upon the system of those 
animals which do not receive them as sound. The sense of smelly which 
is concerned with one of the least general properties of matter, appears to 
be the least- widely diflused among the whole ; being only possessed in 
any high degree by Vertebrated animals, and being but feebly present in 
a large proportion of these. 

581. Besides the various kinds of sensibility which have been just 
enumerated, there are others which are ordinarily associated together, 
along with the sense of material resistance (and its several modifications), 
and the sense of temperature, under the head of Common Sensation ; but 
several of them, especially those which originate in the body itself, can 
scarcely be regarded in this light. Such are the feelings of hunger 

♦ There is good reason to believe, from observation of their habits, that many animals 
are susceptible of the influence, and are directed by the guidance, of light, whose organs 
are not adapted to receive true visual impressions, or to form optical images ; and such 
would seem to be the function of the red spots, frequently seen on prominent parts of 
the lower Articulata and Mollusca, and even of some Radiata. Wherever these are of 
sufficient size to allow their structure to be examined, they are found to be largely sup- 
plied with nerves, but to be destitute of the peculiar organization which alone constitutes 
a true eye. 
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and thirst; that of nausea; that of distress resulting from suspended 
aeration of the blood ; that of < sinking at the stomach/ as it is vulgarly 
but expressively described, which results from strong mental emotion; the 
sexual sense, and perhaps some others. — Now in regard to aU these, it 
is impossible in the present state of our knowledge to say, whether their 
peculiarity results from the particular constitution of the nerves that 
receive and convey them, or only from a modification of the impressing 
causes, from the particular endowments of their ganglionic centres, and 
from the mode in which they operate. Thus we have no evidence whether 
the nervous fibrils which convey from the lungs the sense of distress 
resulting from deficient aeration, are of the same or of a different cha- 
racter from those which convey from the surface of the air-passages the 
sense of the contact of a foreign body. But as we know that all the 
trunks along which these peculiar impressions travel, do minister to 
ordinary sensation, whilst the nerves of truly ‘ special’ sensation are not 
sensible to tactile impressions, it is evident that the probability seems in 
favour of the identity of the fibres which minister to these sensations, 
with those of the usual sensory character. We shall see that with 
regard to the sense of Temperature, there is strong evidence that its 
peculiarity depends on the speciality of the apparatus by which impres- 
sions are received at the peripheral extremities of the tactile nerves, 
rather than upon any peculiarity in the transmitting fibres. 

582. There are certain external agencies which can excite changes in 
the Sensorium through several different channels ; the sensation being in 
each case characteristic of the particular nerve on which the impression 
is made. Thus pressure, which produces through the nerves of common 
sensation the feeling of resistance, is well known to occasion, when exerted 
on the eye, the sensation of light and colours ; and, when made with 
some violence on the ear, to produce ‘tinnitus aurium.’ It is not so easy to 
excite sensations of taste and smell by mechanical irritation ; and yet, as 
was shown by Dr. Baly,* this may readily be accomplished in regard to the 
former. The sense of nausea may be easily produced, as is familiarly 
known, by mechanical irritation of the fauces. Electricity still more 
completely possesses the power of affecting all the sensory nerves with the 
changes which are peculiar to them ; for, by proper management, an indi- 
vidual may be made conscious at the same time of flashes of light, of 
distinct sounds, of a phosphoric odour, of a peculiar taste, and of pricking 
sensations, all excited by the same cause, the effects of which are modi- 
fied by the respective peculiarities of the instruments through which 
it operates. — But although there are some stimuli which can produce 
sensory impressions on all the nerves of sensation, it will be found that 
those to which any one organ is peculiarly fitted to respond, produce little 
or no effect upon the rest. Thus the ear cannot distinguish the slightest 
difference between a luminous and a dark object. A tuning-fork, which, 
when laid upon the ear whilst vibrating, produces a distinct musical tone, 
excites no other sensation when placed upon the eye, than a slight jarrmg 
feeling. The most delicate touch cannot distinguish a substance which 
is sweet to the taste, from one which is bitter ; nor can the taste (if the 
communication between the mouth and the nose be cut-off^ perceive any- 


» Translation of Muller’s “ Elements of Physiology,” p. 1062, nofe. 
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ffma some imperfection of the organization, there is an incapacity fw 
i^igrfrtT^grn^King colouFS or musical ton^ whiLrt there is no want of sensi- 
bility to light or sound ; and that some persons are naturally endowed with 
a much greater range of the sensory faculties, than tliat possessed by 
others. Hence it does not seem at all improbable, that there are pro- 
perties of matter of which none of our senses can take imm^iute cog- 
nizance ; and which other beings might be formed to perceive, in the 
same manner as xve are sensible to light, sound, &c. Thus many animals 
are affected by atmospheric changes, in aucli a manner that tlieir actions 
are regarded by Man as indications of the probable state of the weather ; 
and the same is the case in a less degree with some of our own species, 
who are peculiarly susceptible of tlie like influences. — Now the most 
universal of all the qualities or properties of Matter, on which, in fact, our 
notion of it is chiefly founded, is its occupation of space, producing 
a more or less complete resistance to displacement ; and this quality is 
that through which alone any knowledge of the external world can be 
obtained by a large proportion of the lower Animals ; contact between 
their own surface and some material body, being required to produce 
sensation. We shall presently see, however, that the idea of the shape 
of a body which we form from the touch, results from a very complex 
process, such as animals of the lower grades can scarcely be supposed to 
exercise. There can be little doubt that, next to the mere sense of 
resistance, sensibility to temperature is the most universally diffused 
through the Animal kingdom ; and probably the consciousness of lumi- 
nosity is the next in the extent of its diffusion.* It is probable that the 
sense of taste (which has a close affinity to that of touch) exists very low 
down in the animal scale, being obviously of great importance in the 
selection of food ; but the Anatomist has no means of ascertaining where 
this refinement exists, and where it does not ; since the organs of taste 
and touch are very similar. The sense of hearing does not seem to be 
distinctly present among the Invertebrate animals, except in such as 
approach most nearly to the Yertebrata ; it is not improbable, however, 
that sonorous vibrations may produce an effect upon the system of those 
animals which do not receive them as sound. The sense of smelly which 
is concerned with one of the least general properties of matter, appears to 
* be the least- widely diffused among the whole ; being only possessed in 
any high degree by Vertebrated animals, and being but feebly present in 
a large proportion of these. 

681. Besides the various kinds of sensibility which have been just 
enumerated, there are others which are ordinarily associated together, 
along with the sense of material resistance (and its several modifications), 
and the sense of temperature, under the head of Common Sensation; but 
several of them, especially those which originate in the body itself, can 
scarcely be regarded in this light. Such are the feelings of hunger 

♦ There is good reason to believe, from observation of their habits, that many animals 
' ajre susceptible of the influence, and are directed by the guidance, of llghtt whose organs 
are not adapted to receive true visual impressions, or to form optical images ; and such 
would seem to be the function of the red spots, frequently seen on prominent parts of 
the lower Articulata and Mollusca, and even of some Radiata. Wherever these are of 
sufficient size to allow their structure to be examined, they are found to be largely sup- 
plied with nerves, but to be destitute of the peculiar organization which alone constitutes 
a true eye. 
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and thirst; that of nausea; that of distress resulting hrom suspended 
aeration of the blood ; that of ‘ sinking at tihe stomach,’ as it is vulgarly 
but expressively described, which results from strong mental emotion; the 
sexual sense, and perhaps some others. — Now in regard to all these, it 
is impossible in the ijrcsent state of our knowledge to say, whether their 
peculiarity results from the particular constitution of the nerves that 
receive and convey them, or only from a modification of the impressing 
causes, from the particular endowments of their ganglionic centres, and 
from the mode in which they o]>erate. Thus we have no evidence whether 
the nervous fibrils which convey from the lungs the sense of distress 
resulting from deficient aeration, are of the same or of a different cha- 
racter from those which convey from the surface of the air-passages the 
sense of the contact of a foreign body. But as we know that all the 
trunks along which these peculiar impressions travel^ do minister to 
ordinary sensation, whilst the nerves of truly ^ special ’ sensation are not 
sensible to tactile impressions, it is evident that the probability seems in 
favour of the identity of the fibres which minister to these sensations, 
with those of the usual sensory character. We shall see that with 
regard to the sense of Temperature, there is strong evidence that its 
peculiarity depends on the speciality of the apparatus by which impres- 
sions are received at the peripheral extremities of the tactile nerves, 
rather than upon any peculiarity in the transmitting fibres. 

582. There arc certain external agencies which can excite changes in 
the Sensorium through several different channels ; the sensation being in 
each case characteristic of the particular nerve on wliich the impression 
is made. Thus pressure, which produces through the nerves of common 
sensation the feeling of resistance, is well known to occasion, when exerted 
on the eye, the sensation of light and colours ; and, when made with 
some violence on the ear, to produce Hinnitus aurium.’ It is not so easy to 
excite sensations of taste and smell by mechanical irritation ; and yet, as 
was shown by Dr. Baly,* this may readily be accomplished in regard to the 
former. The sense of nausea may be easily produced, as is familiarly 
known, by mechanical irritation of the fauces. Electricity still more 
completely possesses the power of affecting all the sensory nerves with the 
changes which are peculiar to them ; for, by proper management, an indi- 
vidual may be made conscious at the same time of flashes of light, of 
distinct sounds, of a phosphoric odour, of a peculiar taste, and of pricking 
sensations, all excited by the same cause, the effects of which are modi- 
fied by the respective peculiarities of the instruments through which 
it operates. — But although there are some stimuli which can produce 
sensory impressions on all the nerves of sensation, it will be found that 
those to which any one organ is peculiarly fitted to respond, produce little 
or no effect upon the rest. Thus the ear cannot distinguish the slightest 
difference between a luminous and a dark object. A tuning-fork, which, 
when laid upon the ear whilst vibrating, produces a distinct musical tone, 
excites no other sensation when placed upon the eye, than a slight jarring 
feeling. The most delicate touch cannot distinguish a substance which 
is sweet to the taste, from one which is bitter ; nor can the taste (if the 
communication between the mouth and the nose be cut-off) perceive any- 


* Translation of Muller’s “ Elements of Physiology,” p. 1062, note. 
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thing peculiar in the most strongly-odoriferous bodies. — It may hence be 
inferred that no nerve of special sensation can, by any possibility, take-on 
the function of another. 

2 . Sense of Touch 

583. By the sense of Touch, as commonly understood, is meant that 
modification of the common sensibility of the body, of which the Cuta- 
neous surface is the especial seat. The Skin is peculiarly adapted for this 
purpose, not merely by the largo amount of sensory nervous fibres which 
are distributed in its substance, but also by its possession of a papillary 
apparatus in which these nerves for the most part terminate, or rather 
commence. The pa pill cb are little elevations of the surface of the cutis, 
usually simply-conical or clavate in form (Fig. 122), but sometimes pre- 
senting numerous summits. On the palmar surface of the hand, they are 
arranged in rows ; and they are there so numerous, that (according to E. 
H. Weber) as many as 81 compound, or from 150 to 200 simple papillae, 
are contained within the area of a square (Paris) line. The papillae are 
also very numerous, though without any definite firrangement, on the red 
surface of the lips, on the penis of the male, on the labia minora and clitoris 
of the female, and on the nipples of both sexes ; but elsewhere they are 
scattered more widely apart. Each sensory pajnlla receives one or more 
nerve-fibres from the plexus which is formed by tlic inosculation of the 

ramifications of the cutaneous 
nerves (Fig. 122) ; and these 
nerve-fibres seem to termi- 
nate (at least in the papill83 
of the palm of the hand 
and of the lips, and in the 
simple j)apilla' of the tongue) 
in a peculiar ‘ axile body,’ 
which occupies the principal 
part of the interior of the 
papilla (Fig. 123). With 
regard to tlie nature of this 
body, there has been con- 
siderable discussion between 
Prof. Wagner, its discoverer, 
and Prof. Kolliker :♦ the for- 
mer regarding it as an organ 
altogether suitjeueris; whilst 
the latter maintains that it 
is nothing else than a mass 
of homogeticous connective 
tissue with an external layer of imperfectly-developed elastic tissue, and 

* See Prof, Wagner in the Gottingen Gelehrte Nach rich ten ” for Feb. 1852, and 
‘‘Mttller’g Archiv,*' 1852, heft 4; and Prof. Kolliker in Zeitschrift fiir Wiasen- 
BchafilicbeZoologie/’ June, 1852, and in his ‘*Mikroskopische Anatoniie,*’ band ii. p. 24. 
See also Dalzell, in “ Edinb. Monthly Jomn.,** March, 1858 ; Kcker, ‘‘Icon. Physiol.,” 
pUte xtU. ; Leydig, “MUlIePs Archiv,” 3856, p. 50; Gerlach, “Mikroskop. Studien,” 
Erlangen, 1858; Krause, “Die Terminal Korperchen der Einfach Sensibeln Kerveu,” 
Hanover, 1860 ; Huxley, in “ Cyclop, of Anat. and Physiology,'* Supplement, Art. 
^Tegumentary Organs,’ 1869, p. 508 ; Meissner, “Beitr&ge,” plate i. figs. 6 and 8 ; 
Heid^ ^^Handbnchder Systemat. Anatomie,** 1862, band ti. p. 18; Pick, “Lebrbuch 
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V£srtical Section of the 8km of the palmar eurfacc of the 
fore-finger (treated with a solution or caustic soda), show- 
ing the branches of cutaneous nerves, o, 6, inosculating to 
form a terminal plexus, of which the ultimate ramifications 
pass into the cutaneous papills, c, r, r. 
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that it is essentially similar to the bundles of fibrous tissue encircled by 
elastic fibres, which are to be foimd in the substance of the cutis. This last 
view is in the main supported by Mr. Huxley, who regards the ^ axile body * 
as formed by the continuation and increased development of the neurilemma 
of the nerve-tubes which enter the papilla, and as bearing a close re- 
lation to the ‘ Pa- 
cinian bodies.’* A Pio. 123. 

very simple form a b 

of the axile bodies 
has been described 
by Krause as occa- 
sionally occurring 
in the conjunctiva, 
lips and solt palate, 
in the tongue, and 
in the glans penis 
and glans clitoridis. 

Here the nerve 
forms a “ terminal 
button or knob,” 
consisting of a de- 
licate sheath dotted 
with nuclei and 
filled with granular 
plasma, into which 
the cylinder axis 
of the nerve enters, 
terminating by a 
simple blunt extre- 
mity. In the Pacinian bodies, a more complex structure is met witli than 
in either of those just mentioned, the chief difference being that instead 
of a single sheath, there are many investing 
capsules; a space being, however, always left 
between the innermost one and the ex- 
tremity of the nerve, in which a fluid or 
semi-fluid substance is contained. Dr. Bealef 
appears to doubt the termination in any in- 
stance of sensory nerves by free extremities ; 
for he has everywhere obtained demonstra- 
tive evidence of a network, the fibres being 
often of extraordinary tenuity. He believes 
that in the papilla3 of the Skin, and even in 
the Pacinian bodies, after becoming connected 
with nuclei or corpuscles the nerve-fibres turn or loop back to the cell 
from whence they originate. That the axile corpuscles of Wagner are inti- 
mately associated with proper nervous tissue, is clearly shown by the fatty 
d^eneration they undergo on section of the nerves supplying them. It was 
maintained by Wagner, that the papillae which contain the axile bodies, and 

* See his Memoir * On the Structure and Belation of the Corpusoula !Faetas,’ in the 

Quarterly Journal of Microscopical Science,** vol. ii. p. 1. 

t Beale’s " Archives of Medicine,” vol. iii. p. 286, 


Tactile Papillie from tbe Skin of the palmar surface of the fore- 
finger, showing tbe tactile corpMcUs or ‘ axile bodies ' a, in the 
nature state; n, treated with acetic acid. 


Fia. 124. 



Capillarj loops in Cutaneous papilles 
at margin of lips. 
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to which nerve-fibres proceed, contain no blood-vessels save by coalescence 
with avascular papilla; whilst the vascular papillae which contain capillary 
loops (Fig. 124), constitute a distinct order, containing no nerve-fibres. This, 
however, is denied by Prof. Kdlliker ; who asserts that the corpusculated pa- 
pillae of the palm of the hand often contain vessels, whilst the vascular papillae 
of the lip contain nerves. Mr. Huxley states (loc. cit.) that in the human 
finger he has met with corpusculated papillae containing vascular loops, 
though rarely. — The question must be regarded as still open to investiga- 
tion ; the undoubted association of capillary loops and nerve-tubes in the 
fungiform papillae of the Tongue (§ 592) rendering it improbable that 
there should be a complete dissociation of them in tlie tactile papillae of 
the Skin ; whilst, on the other hand, the presence of a true (vascular) 
papillary structure where a thick epidermis has to be formed, as on the 
sole of the foot or the matrix of the nail, seems to indicate that the 
vascular papillae of the palm of the hand may probably be destined 
rather to this office, than to participate in sensibility. As the ^ axile’ 
and ‘ Pacinian bodies’ are only to be found in the papillae of those parts 
which are distinguished for acuteness of tactile sensibility, we cannot 
regard them as essential to the exercise of the sense of touch ; their func- 
tion probably being to intensify tactile impressions, where delicacy of 
touch is peculiarly required.* 

584. The relative sensibility of difiTerent parts of the Skin may be in 
some degree judged-of by the results of the observations of Prof. E. H. 
Weber whose mode of ascertaining it w^as to touch the surface with the 
1^ of a pair of compasses, the points of which were guarded with pieces 
of cork, and then (the eyes being closed) the legs were approximated, 
until they were brought within the smallest distance at which they could 
be felt to be distinct from one another, which has been termed by Dr. 
Graves ^ the limit of confusion.’ — The following are some of the measure- 
ments thus taken : — 


Point of tongue i of a line. 

Palmar surface of third phalanx 1 line. 
Red surface of lips .... 2 lines. 

Palmar surface of second phalanx 2 , , 
Palmar surface of metacarpus 3 ,, 

Tip of the nose 3 ,, 

Dorsum and edge of tongue . 4 ,, 

Part of Ups covered by skin . 4 „ 

Palm of ^nd ^ it 

Skin of cheek 5 „ 

Extremity of great toe ... 5 ,, 

Hard palate ...... 6 ,, 

Dorsum of hand . . . . 8 ,, 


Mucous membrane of gums . 9 lines. 

Lower part of forehead . . 10 ,, 

Lower part of occiput . . . 12 ,, 

Back of hand 14 „ 

Vei’tex 15* „ 

Skin over patella .... 16 ,, 

sacrum .... 18 ,, 

acromion . . . 18 ,, 

Dorsum of foot 18 ,, 

Skin over sternum .... 20 ,, 

Skin beneath occiput ... 24 ,, 

Skin over spine, in back . . 80 ,, 

Middle of the thigh . . . 30 ,, 


It is curious that the distance between the legs of the compasses, as well 
as the rapidity of their motion when they were lightly drawn over the 


* In proof of which, various ingenious experimeuts have been made by Krause (see 
Zeitschrift fttr Rat. Med.,” xvil p. 278). He explains their presence in the mesentery 
of the Oat as connected with the mechanism and arrangement of the viscera required 
for the act of springing. 

t For similar expSments performed by Dr. Ballard, see Lancet,’* 1862, vol. i. 
p. 808. Dr. B. found that in the hand the tip of the index finger was the most, the 
dorsal surface of the base of the fifth metacarpal bone the least, sensitive part ; the 
limit of ocmfumoa in the former being 0*85 of a line, in the latter 5 linesi 
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skin, seemed to be greater (although really so much less), when it was 
felt by the more sensitive parts, than when it was estimated by parts of 
less distinct sensibility. With the extremities of the fingers and the point 
of the tongue, the distance could be distinguished most easily in the lon- 
gitudinal direction ; on the dorsum of the tongue, the face, neck, and 
extremities, the distance could be recognized best when the points were 
placed transversely. As a general fact, it seems that the sensibility of the 
trunk is greater on the median line, both before and behind, and less at 
the sides. Differences in the temperature and weight of bodies, were, 
according to Prof. Weber’s observations, most accurately recognized at 
the parts which were determined to be most sensible by the foregoing 
method of inquiry.* — It has been since found, however, by Prof. Valentin, 
who has followed-up and extended Prof. Weber’s observations, that a 
considerable amount of individual variation exists in regard to the ‘ limit 
of 'confusion ;’ some persons being able to distinguish the points at one- 
half or even one-third of the distances required by others. Czermakf 
has drawn attention to many curious facts in relation to the “ sense of 
space,” or locality” possessed by the skin ; and has particularly shown 
that two points may be much more closely approximated, and yet distin- 
guished as two, if they are applied one after the other, than if they are 
applied together. The delicacy of the sense of touch is diminished if the 
skin be either artificially or naturally stretched ; hence the skin of the 
belly is less sensitive during pregnancy than under ordinary circum- 
stances, and this may also in some measure serve to explain the diminu- 
tion in sensibility which occurs in the passage from childhood to adult 
age, though the difference is no doubt partially due to the increased 
thickness of the epithelium. The theory of the sense of touch which has 
been suggested by Pick, is that each nerve-fibril breaks up into a pencil 
of fine filaments at the periphery, which are distributed over a certain 
space, perhaps on the average about l-25th of an inch in diameter. An im- 
pression made upon any one of these filaments conveys the same sensation 
to the sensorium, providing no other nerve 
be distributed to the same space ; but tliis Fio. 125. 

hardly ever occurs, and hence compound sen- 
sations arise, by which our perception of tlie 
precise spot of the skin touched by a point ! 
is accurately determined. Thus if we suppose \ 
the distribution of nerves to be represented 
by the circles a, b, c, (Fig. 125) single sensa- 
tions would be produced if a point were 
applied at 1, 2, or 3, but a compound sen- 
sation would be produced if contact were made 
at 4 or 5, for the fibrils of two nerves, a and c, or B and c, would be 

* See his Memoir *^De Pulsu, Respiratiooe, Audita, et Tactu,” Lipsis, 18S4. See 
also “ Reoherohes sur la Nature, la Distribution, etl’Organe du Sens Tactile,” by M. H. 
Belfield-Lefdvre, Paris, 1837 ; and Prof. Valentin’s “Lelirbuch der Phyaiologie dea 
Menachen,” band ii. § 5C6.— In the Author’s article ‘Touch’ in the “ Cydopiedia of 
Anatomy and Physiology,” vol. iv. p. 1169, will be found a Table including the whole 
series of observations made by Profrs. Weber and Valentin, the maxima and minima 
of the latter being stated, as well as the means. 

+ “Sitiungsberichte der Wiener Akad.” hand xvii. p. 563, hand xxiv, p. 231; 
and ” Moleschott’s Untewuch.,” band i. p. 188. 
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implicated ; whilst if the impression were made at 6, a still more complex 
sensation would arise, for then the peripheral branches of these nerves would 
be affected. It is obvious that the closer these ‘ sensory circles’ are, and'the 
more intimately the branches of different nerves are intercalated with one 
another, the greater will be the accuracy of the sense of locality of that 
part, or, in other words, the greater will be the facility with which 
minute differences in the precise spot touched will be appreciated. 

585. As already stated (§ 580), the only idea communicated to our 
minds by the sense of Touch, when exercised in its simplest form, is that 
of Resistance ; and it is by the various degrees of resistance which the 
sensory surface encounters, of which we partly judge by the muscular 
sense (§ 524), that we estimate the hardness or softness of the body 
against which we press. It is only when either the sensory surface or 
the substance touched is made to change its place in regard to tlie other, 
that we obtain the additional notion of extension or space ; this also 
being derived from the combination of the muscular with the tactile 
sense. By the impressions made upon tlie papillae, during the movement 
of the tactile organ over the body which is being examined, the rough- 
ness, smoothness, or other peculiar characters of the surface of the latter 
are estimated. Our knowledge of form, however, is a very complex 
process, requiring not merely the exercise of the sense of touch, but also 
great attention to the muscular sensations. — It is chiefly, as formerly 
remarked, in the variety of movements of which the hand of Man is 
capable, that it is superior to that of any other animal ; and it cannot be 
doubted that the sense of Touch thus emidoyed, affords us a very im- 
portant means of acquiring information in regard to the external world, 
and especially of correcting many vague and fallacious notions which we 
should derive from the sense of Sight, if used alone. On the other hand, 
it must be confessed that our knowledge would have a very limited range, 
if this sense were the only medium through wliich we could acquire ideas. 
It is probably on the sensations communicated through the Touch, that 
the idea of the material world, as something external to ourselves, chiefly 
rests ; but this idea is by no means a logical deduction from our experi- 
ence of these sensations, being rather an instinctive or intuitive perception 
directly excited by them. 

586. Various experimenters* have endeavoured to determine tlie 
accuracy with which the Skin can appreciate impressions of weight or 
pressure when unassisted by the ‘ muscular sense,’ that is, when the part 
experimented-on is well supported, as when the hand is laid upon a table. 
Aubert and Kammler found that on the face and dorsal surface of the 
upper extremity, the pressure of a portion of elder-pith, presenting a sur- 
&ce of nearly one-third of an inch square, and weighing only l-33rd of 
a grain {2 Mgrm.), could be distinguished ; whilst the tips of the fingers 
required a weight, presenting the same superficies, of l-3rd of a grain or 
more, and the toes as much as 8 grains, before any sensation of pressure 
was felt. The presence of the minute hairs on the face was, however, 
found materially to influence its sensibility, since when these were shaved off 
it was much diminished. — ^According to Weber, differences in the amount of 
pressure are more accurately distinguished if they are applied successively 

^ Aubert and Kammler, ‘‘Molesohott’s Untersuch.,” band v. p. 145; Dohm, *^Zeits. 
f. Rat Med./’ 1860. 
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to the same point, than if they axe estimated coetaneously. The interval, 
however, must not be more than a few seconds, imless the difference be con- 
siderable. Thus when 4 ounces and 5 ounces were successively applied, an 
accurate judgment of the difference might be made after 90 seconds; but the 
difference between 14*5 and 15 ounces could not be accurately determined 
after 40 seconds. If the bare sense of pressure were assisted by the 
muscular sense, as in cases when the hand was unsupported, much finer 
discrimination was always displayed. Thus on lifting a cloth in which 
weights were concealed, Weber found that ten people correctly indicated 
that a weight of 80 ounces was heavier than one of 78 ounces. Both> 
Weber and Fechner* appear to have satisfactorily shown that with light 
weights smaller differences are perceived than with heavy weights. 
Thus supposing that ounce weights are distinguishable in the ratio of 29 
to 30, — e.e., that a weight of 29 ounces can be discriminated when attentively 
examined from one of 30 ounces, a whole ounce requiring to be added 
or subtracted before certainty is attained; — when drachms oxo, employed th# 
same ratio still subsists, only that in this instance the removal or addition of 
one drachm to a weight of 30 drachms can be accurately appreciated. 
Meissner has drawn attention to the fact, which must be familiar to most 
persons, that if the hand or foot be immersed in warm water or mercury, 
the only sensation experienced is that of a ring surrounding the limb at 
the surface of the fluid. This effect is, as he suggests, probably due to 
the circumstance that the pressure is applied in such cases with perfect 
uniformity over the part immersed, and therefore causes no disturbance 
of the nervous elements, the tactile sense being only excited at the 
line where the pressure produced by the fluid is exchanged for that 
of the air. — Valent inf has endeavoured to ascertain tlie duration of 
a momentary excitation of the sense of Touch by rolling a spiked 
wheel over the skin ; when slowly rotated, the contact of each spike was 
clearly discerned ; but when only 1- 640th of a second intervened between 
the successive blows, they could no longer be distinguished. — That 
the conditions under which certain of the modifications of common 
sensation operate, are in some respects different from those of ordi- 
nary Touch, is very easily shown. Thus, the feeling of tickling is 
excited most readily in parts which have but a low tactile sensibility, 
namely, the armpits, flanks, and soles of the feet ; whilst in the points of 
the fingers, whose tactile sensibility is most acute, it cannot be excited. 
Moreover, the nipple is very moderately endowed with ordinary sensi- 
bility ; yet by a particular kmd of irritation, a very strong feeling may 
be excited through it. — Again, in regard to Temperature, it is remarked 
by Weber that the l§ft hand is more sensitive than the right ; although 
the sense of touch is undoubtedly the most acute in the latter. He states 
that if the two hands, previously of the same temperature, be plimged 
into separate basins of warm water, that in which the left hand is 
immersed will be felt as the warmer, even though its temperature is some- 
wliat lower than that of the other In regard to the sensations of heat 
and cold, he points-out another curious fact, — that a weaker impression 
made on a large surface, seems more powerful than a stronger impression 
made on a small surface ; thus, if the forefinger of one hand be immersed 

* “Elemente der Psychophysik,” 1860. 

t ‘ Ueber die Dauer der Tasteindriicke,’ “ Archiv f. Physiol. Heilk.,” band xi. p. 488. 
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in water at 104®, and the whole of the other hand be plunged in water at 
102®, the cooler water will be thought the wanner ; whence the well- 
known fact, that water in which a finger can be held, will scald the whole 
hand. Hence it also follows, that minute dififerences in temperature, 
which are imperceptible to a single finger, are appreciated by plunging 
the whole hand into the water ; in this manner a difference of one-third 
of a degree may readily be detected, when the same hand is placed succes- 
sively in two vessels. The judgment is more accurate, when the tempera- 
ture is not much above or much below the usual heat of the body; just 
as sounds are best discriminated, when neither very acute nor very grave. 

587. Some further experiments have also been made by Prof 
Weber,* to determine whether the sense of Temperature is received 
through any other channel than the sensory apparatus contained in the 
integuments. — The first means of which he availed himself for deciding 
this question, was that afforded by the results of accident or surgical 
Operations, in which a portion of skin had been left deficient. Thus, in 
three cases in which a large portion of the skin had been destroyed by 
a burn, and in which healing had not advanced so far as to renew the 
organ of touch, it was found that no correct discrimination could be made 
between two spatulas, one of them at a temperature of from 48® to 54°, 
the other of from 118° to 122°, which were brought into contact with the 
denuded surface ; so that one of these patients thrice affirmed that he was 
being touched with the cold body, when it was warm, and the reverse. 
But when the spatula was in one instance made somewhat warmer, and 
was brought into contact with the unskinned surface, the patient felt not 
heat but pain , — Another means of gaining information on this point, is 
afforded by the ingestion or injection of a large quantity of warm or cold 
fluid into the stomach or intestinal canal. Thus Professor Weber states 
that after drinking a tumbler of water at 82°, he felt the cold water in tlie 
mouth, in the palate, and in the pharynx, as far as the limits of the sense 
of touch ; but the gradual passage of the cold water into the stomach could 
not be perceived. There was, it is true, a slight sensation of cold in the 
gastric region ; but as it only occupied the situation of the anterior wall 
of the stomach, it was attributable to the abstraction of heat from the 
abdominal integuments in contact with this. In an opposite experiment, 
that author drank quickly three glasses of milk, the temperature of the 
first of which was 158°, that of the second 145'^, whilst that of the third 
was intermediate between the two. The sensation of heat could not be 
traced lower-down than that of the cold in the previous experiment. At 
the moment when the fluid entered the stomach, there was a feeling which 
remained for some time, but which could not be distinguished as heat, 
being mistakeable for cold. In order to ascertain the sensation produced 
in the large intestine by cold water, an injection of 14 ounces of water of 
the temperature of 65° was thrown up the rectum; but scarcely any 
sensation of cold could be perceived from it. In another instance, 21 ounces 
of ^ater at the same temperature were thus injected, without any resulting 
sensation of cold. In both these cases, on the return of the enema a few 
minutes afterwards, a distinct feeling of cold was experienced at the anus. 
When water of so low a temperature as 45^® was injected, the first feeling 
excited was a sensation of cold in the immediate neighbourhood of the 
* Muller’s Archiv,” 1849, heft iv. s. 278-283. 
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anus, and then a feeble movement in the bowels ; but a little time after- 
wards, there was a faint sensation of cold, especially in the anterior wall 
of the abdomen. This sensation, however, remained after the return of 
the water ; and may hence be attributed to the abstraction of warmth 
from the abdominal integuments, which was proved to have taken place, 
the temperature of the surface being lowered 3®. So, again, if the cavity 
of the nose be filled with cold water, the coldness is only perceived in the 
parts of the cavity which are most endowed with the proper tactile sense, 
namely, the neighbourhood of the nostrils and of the pharynx ; and it is 
not at all discernible in the higher part of the cavity, which is especially 
subservient to the olfactory sense. But when the water injected is very 
cold {e.g. 41°), a peculiar pain is felt in the upper part of the nasal fosses, 
extending to the regions of the forehead and the lachrymal canals ; this 
pain, however, is altogether different from the sense of coldness. 

588. From the foregoing experiments it appears fair to conclude, that 
the sensory nerves have no power of receiving impressions indicative of 
difference of Temperature, unless those impressions are communicated 
through a special organ ; but they afford no adequate ground for the sup- 
position, that a set of nerve-fibres is provided for their transmission dis- 
tinct from those which minister to common sensation. This conclusion 
is confirmed by the fact, that we cannot excite impressions of heat or cold 
by direct application to the trunks of nerves which we know must con- 
duct such impressions : for the parts of the skin, immediately beneath 
which lie large nerve-trunks, are not more sensitive to moderate heat or 
cold than are any others ; whilst a greater degree of either is felt as pain, 
not as a change of temperature. Thus, a mixture of ice and water 
applied over the ulnar nerve, affects it in fifteen seconds, and produces 
severe pain, having no resemblance to cold, and such as cannot be excited 
by the same degree of cold applied to any other region. So the nerve of 
the tooth-pulp is equally and similarly affected by water of 43° and of 
112° ; either application causing a pain exactly similar to that excited by 
the other, or to that produced by pressure. The same is true of the im- 
pressions received through the skin itself, when they pass beyond certain 
limits of intensity ; thus, the sensation produced by touching frozen 
mercury is said to be not distinguishable from that which results from 
touching a red-hot iron. Wunderli* and Fick, moreover, found that 
sensations of heat even in the most sensitive parts of the body were some- 
times mistaken for those of contact. Thus in the case of the hand, an 
erroneous conclusion was arrived at six times out of 105 trials, and on 
the back twelve times in 30 experiments.’!’ 

589. The improvement in the sense of Touch, in those persons whose 
dependence upon it is increased by the loss of other senses, is weU known ; 
and the remarkable circumstance noticed by VoIkmann,J that the increased 
sensitiveness which results from frequent experiments made upon one side 
of the body is experienced also in the nerve-fibres distributed to the oppo- 

* Ilenle and Meissner’s “Bericht,” 1869, p. 632. 

+ For observations tending to show that the sensations of touch are conveyed by 
channels distinct from those which conduct painful impressions, see Sieveking, “Med.- 
Chir.Kev.,”l858, p. 280. 

4:Yolkmann, *t)ber der Einfluss der Ubung auf das Erkennen BaUxnlicher Pis* 
tanzen,* “Bericht der Sachs. Besell.,’’ 1858. 
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site and exactly symmetrical parts, seems to show that the improved 
delicacy of the sense is to be in part attributed (as already remarked) to 
the increased attention which is given to the sensations, and in part, it 
may be surmised, to an increased development of the tactile organs them- 
selves, resulting from the frequent use of them. The process of the 
acquirement of the power of recognizing elevated characters by the touch, 
is a remarkable example of this improveability. When a blind person 
first commences learning to read in this manner, it is necessary to use a 
large type ; and every individual letter must be felt for some time, before 
a distinct idea of its form is acquired. After a short period of diligent 
application, the individual becomes able to recognize the combination of 
letters in words, without forming a separate conception of each letter ; 
and can read line after line, by passing the finger over each, with con- 
siderable rapidity. When this power is once thoroughly acquired, the 
size of the type may be gradually diminished ; and thus blind persons 
may bring themselves, by sufficient practice, to read a type not much 
larger than that of an ordinary large-print Bible. The case of Saunder- 
son, who, although he lost his sight at two years old, became Professor of 
Mathematics at Cambridge, is well known ; amongst his most remarkable 
faculties, was that of distinguishing genuine medals from imitations, 
which he could do more accurately than many connoisseurs in full pos- 
session of their senses. Several instances are recorded, of men who 
became eminent as Sculptors after the loss of their sight, and who were 
particularly successful in modelling portrait-busts ; here, it is obvious, 
not merely the tactile but the muscular sensibility must be greatly aug- 
mented in acuteness by the habit of attending to it. The power of im- 
mediate recognition of individuals by the slightest contact of the hands, 
even after long periods of time, which most blind and deaf persons have 
displayed, is one of the most curious exam])les of the mode in which 
tactual perceptions will impress themselves on the memory, when they 
are habitually attended-to. As an example of the correct notions which 
may be conveyed to the mind, of the forms and surfaces of a great variety 
of objects, and of the sufficiency of these notions for accurate comparison, 
the Author may mention the case of a blind friend of his own, who has 
acquired a very complete knowledge of Conchology, both recent and fossil ; 
and who is not only able to recognize every one of the numerous speci- 
mens in his own cabinet, but to mention the nearest alliances of a shell 
previously unknown to him, when he has thoroughly examined it by his 
touch. Many similar instances might be cited, one of the most remark- 
able being that of John Gough, who, though blind, was a noted botanical 
collector, and earned his livelihood as a land-surveyor. Several cases are 
on record,* of the acquirement, by the blind, of the power of dis- 
tinguishing the colours of surfaces which were similar in other respects ; 
and, however wonderful this may seem, it is by no means incredible. For 
it is^to be remembered, that the difference of colour depends upon the 
position and arrangement of the particles composing the surface, which 

* Among the best-authenticated of these, is that of a Indy who became blind, and 
afterwards deaf, in consequence of an attack of confluent small-pox ; cited in Br. Kitto’s 

“Lost Senses,** vol. ii. p. 79, from the “Annual Register’* for 1758. — Dr. Eitto’s 
t^atiee may be referred-to, as containing a large collection of interesting cases of a 
similar description. 
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render it capable of reflecting one ray whilst it absorbs all the rest ; and 
it is quite consistent with what we know from other sources, to believe 
that the sense of Touch may become so refined, as to communicate a 
perception of such differences.* 

3. Sense of Taste. 

590. The sense of Taste is that by which we distinguish the sapid pro- 
perties of bodies. The term, as commonly understood, includes much 
more than this ; being usually employed to designate the whole of that 
knowledge of the qualities of a body (except such as is purely tactile), 
which we derive through the sensory apparatus situated within the mouth. 
But it will be hereafter shown that a considerable part of this is dependent 
upon the assistance of the olf active sense (§ 594) ; which is affected, 
through the posterior nares, by the odorous emanations of all such bodies 
as are capable of giving them off ; and the indications of which are so 
combined with those of the true gustative sense, as to make an apparently 
single impression upon the Sensorium. Moreover, there are certain 
sensorial impressions received through the organ of taste, which are so 
nearly allied in their character to those of touchy as to render it difficult 
to specify any fundamental difference between them ; such are the 
pungent sensations produced by mustard, pepper, the essential oils, &c. ; 
all of which substances, when applied for a sufiicient length of time to any 
part of the cutaneous surface, produce a sensation which can scarcely be 
distinguished from that excited through the organ of taste, in any other 
way than by its inferior intensity, and by the absence of the concurrent 
odorous emanations. The taste of such substances might therefore, 
perhaps, be considered as the composite result of the impressions made 
upon the sensorium tlirough a refined and acute touchy and by the effect 
of their odorous emanations upon the organ of smell. After making full 
allowance, however, for all such as can be thus accounted-for, there 
remains a large class of jmre saporSy of which we take cognizance without 
the assistance of smell, and which are altogether dissimilar to any tactile 
impressions ; such are the hitter of quinine, the sour of tartaric acid, the 
sweet of sugar, the saline of common salt, &c. The smell can give us no 
assistance in distinguishing small particles of these bodies, since they are 
either entirely inodorous, or so nearly so as only to be recognizable through 
its means when in large masses ; and the most refined touch cannot 
afford any indication of that kind of difference among them, of which we 
are at once rendered cognizant by taste. — Of all the ‘ special’ senses, how- 
ever, that of Taste is most nearly allied to that of touch, as appears from < 
several considerations. In the first place, the actual contact of the object 
of sense with the organ through which the impression is received, is 
necessary in the present case, as in the preceding. Again, it appears 
from the considerations formerly adducefd (§ 480), that there is no special 
nerve of Taste ; for the gustative impressions upon the front of the tongue 
are conveyed by the Lingual branch of the Fifth pair, whilst those made 
upon the back of the organ are conveyed by the Glosso-pharyngeal, both 
of which nerves also minister to common sensibility ; and pressure on 

* For some additional details in regard to the sense of Touch, see the Author’s article 
* Touch’ in the “ Cyclopaedia of Anatomy and Physiology,” voL iv. 
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the trunk of either of these nerves gives-rise to pain, which is not the case 
with either the olfactory, the optic, or the auditory nerves. Moreover, 
the papillary apparatus, through which the gustative impressions are 
made upon the extremities of these nerves, is essentially the same in 
structure with that of the skin.* 

691. For the Gustative nerve-fibres to be impressed by the distinctive 
properties of sapid substances, it appears requisite that these substances 
should be brought into immediate relation with them, and that they 
should penetrate, in the state of solution, through the investments of the 
papillae, into their substance. This would seem to be proved by the two 
following facts : first, that every substance, whether solid, fluid, or 
gaseous, which possesses a distinct taste, is more or less soluble in the 
fluids of the mouth, whilst substances which are perfectly insoluble do 
not make their presence known in any other way than through the sense 
of touch ; and, second, that if the most sapid substance be applied in a 
dry state to the papillary surface, and this be also dry, no sensation of 
taste is excited. Hence it may be inferred that in the reception of 
gustative impressions, a change is produced in the molecular condition of 
the nerve-fibres, or, to use the language of Messrs. Todd and Bowman, 
their polarity is excited by the direct agency of the sapid matter itself. 
This change may be induced, however, both by electrical and by mecha- 
nical stimulation. If we make the tongue form part of a galvanic circuit, 
a peculiar sensation is excited, which is certainly allied rather to the 
gustative than to the tactile, and which does not seem to be due (as was 
at one time supposed) to the decomposition of the salts of the saliva. 
And, as Dr. Baly has pointed-out, f “ if the end of the finger be made to 
strike quickly, but lightly, the siurface of the tongue at its tip, or its 
edge near the tip, so as to affect not the substance of the organ, but 
merely the papillae, a taste sometimes acid, sometimes saline, like the 
taste produced by electricity, wiU be distinctly perceived. The sensation 
of taste thus induced will sometimes continue several seconds after the 
application of the mechanical stimulus.’’ On the other hand, as Wagner 
has truly remarked, if the surface of the tongue near the root be touched 
with a clean dry glass rod, or a drop of distilled water be placed upon 
it, a slightly bitterish sensation is produced ; and this, if the pressure be 
continued, passes into that of nausea, and if the pressure be increased, 
even excites vomiting. The feeling of nausea may be excited by mecha- 
nical irritation of any part of the surface of the fauces or soft palate ; 
and this feeling is certainly much more allied to that of taste than to 
that of touch. Further, it has been observed by Henle, that if a small 
current of air be directed upon the tongue, it gives rise to a cool saline 
taste like that of saltpetre. Thus we find that the peculiar effects of 

* For some pathologicsal cases bearing upon the question of the implication of the 
chorda tympanLin the sense of taste, ^^see Inzani and Lussana, in the Annali Uni- 
versali di Med.,” 1862, pp. 282-822 ; and Stich, in Henle and Meissner’s “Bericht,” 
1867, p. 688. The two former observers believe the chorda tympani to be the true 
nerve of taste for the anterior part of the tongue, by which sweet, saline, piquant, and 
aromatic flavours are distinguished, whilst the mineral acids, astringents, bitters, 
pungent, putrefactive, and disgusting flavours are chiefly perceived through the glosso- 
pharyngeal. Schiff thinks the glosso-pharyngeal nerves are especially adapted to per- 
ceive bitter, and the Fifth nerves acid tastes. (“ Physiologic, ’* 1869, p. 403.) ^ 

t Translation of **Miiller’s Physiologie,” p. 1062, note. 
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sapid substances upon the nerves of taste may be imitated to a certain 
extent by other agencies : and it also appears that the sensations excited 
by these vary according to the part of the gustative surface on which 
they operate; mechanical or electrical stimulation of the front of the 
tongue giving rise to a* kind of saline taste, whilst mechanical stimulation 
applied to the back of the tongue and fauces excites the feelings of bitter- 
ness and nausea. — One of the conditions requisite for the due exercise of 
the gustative sense, is a temperature not departing far on either side from 
that which is natural to the body. It appears from the experiments of 
Prof. E. H. Weber,* that if the tongue be kept immersed for nearly a 
minute in water of about 125°, the taste of sugar brought in contact with 
it, either in powder or solution, is no longer perceived ; the sense of 
touch, usually so delicate at the tip of the tongue, being also rendered 
imperfect. A similar imperfection of taste and touch was produced by 
immersing the tongue for the same length of time in a mixture of water 
and broken ice. 

592. The surface of the Tongue is undoubtedly the special seat of 
gustative sensibility in Man ; though the sense of Taste is not by any 
means restricted to that organ, being diffused in a less degree over the 
soft palate, the arches of the palate, and the fauces. It is on the tongue 
alone, however, that the papillary apparatus is fully developed ; and its 
structure has been so carefully examined and described by Messrs. Todd 
and Bowman, f that little remains to be added to their account of it. — • 
The lingual papillte may be divided, in the first place, into the Simple 
and the Compound ; the former of which had previously escaped obser- 
vation, through not forming any apparent projection. The Simple 
papilla? arc scattered in the intervals of the compound, over the general 
surface of the tongue ; and they occiipy much of the surface behind the 
circumvallate variety, where no compound papillae exist. They are 
completely buried and concealed beneath the continuous sheet of epithe- 
lium, and can only be detected when this membrane has been removed 
by maceration ; they are then found to have the general characters of 
the cutaneous papillae. The Compound papillae are visible to the naked 
eye ; and have been classified, according to their shape, into the circum- 
vallate^ the fungiform, and the Jlliform. The circumvallate or calyciform 
papillae are eight or ten in number, and are situated in a V-shaped line 
at the base of the tongue. Each consists of a central flattened circular 
projection of the mucous membrane, sur- 
rounded by a tumid ring of about the same ele- 
vation, from which it is separated by a narrow 
circular fissure. The surface of both centre and 
border is smooth, and is invested by scaly epi- 
thelium, which conceals a multitude of simple 
papillaB. The fungiform papillaa are scattered 
singly over the tongue, chiefly upon its sides 
and tip. They project considerably from 
the surface, and arc usually narrower at Capillary plexus ot ftmg^form 
their base than at their summit. They of the T»gue. 

contain a complex capillary plexus (Fig. 126), the terminal loops ot 

♦ ‘^Miiller’g Archiv,” 1847, s. 342. 

t Physiological Anatomy and Physiology of Man,** vol. i. chap. xv. 
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which eater the numerous simple papilhe that clothe the surfece of thelungi- 
form body. Amidst these lie nerve-tubes, which probably have a looped 
arrangement; and the epithelium which covers them is so thin, as to 
allow the red colour of the blood to be seen through it. In this manner 
they are readily distinguished from the filiform • papillae, among which 
they lie. ThQ filiform papillae, like the preceding, contain a plexus of 
capillaries and a bundle of nerve-fibres, both terminating in loops, which 
enter the simple papillae that clothe the surface of the compound body ; 
but instead of being covered with a thin scaly epithelium, they are fur- 
nished with bundles of long pointed processes, some of which approach 
hairs in their stiffness and structure. These are immersed in the mucus 
of the mouth, and may be moved in any direction, though they are 
generally inclined backwards. — The simple papillae which occur in an 
isolated manner, may not improbably be tactile ; whilst those which are 
aggregated in the circumvallate and fungiform bodies, doubtless minister 
to the sense of Taste, this being most acute in the situations wherein they 
most abound. With regard, however, to the office of the filiform papillse, 
there seems much reason to coincide in the opinion of Messrs. Todd and 
Bowman : — The comparative thickness of their protective covering, the 
stiffness and brush-like arrangement of their filamentary productions, 
their greater development in that portion of the dorsum of the tongue 
which is chiefly emjdoyed in the movements of mastication, all evince 
the subservience of these papillae to the latter function, rather than to 
that of taste ; and it is evident that their isolation and partial mobility 
on one another, must render the delicate touch with which they are 
endowed more available in directing the muscular actions of the organ. 
The almost manual dexterity of the organ, in dealing with minute particles 
of food, is probably provided-for, as far as sensibihty conduces to it, in 
the structure and arrangement of these papillae.” It may be added, that 
the filiform papillae of Man seem to be the rudimentary forms of those 
horny epithelial processes which acquire so great a development in the 
tongues of the Carnivora, and which are of such importance in the abrasion 
of their food. Some observers, as Billroth* * * § and Stilling, think that in 
the fi:og the nerves of taste, especially in the fungiform papillae, terminate 
in pencils of extremely fine fibrils, which join the delicate-pointed extre- 
mities of the conical non-ciliated epithelial cells covering the summit of 
those papillse ; whilst the ciliated epithelial cells situated on their sides, 
and elsewhere on the surface of the tongue, frequently run together at 
their bases into granular masses or sheets, wliich are continuous with the 
prolongations of the connective corpuscles, and through the intermediation 
of these with the fine, transparent, branched extremities of the subjacent 
muscular tissue-fibres. Axel Keyf describes the nerve-fibres of the tongue 
in the same animal as being varicose, interrupted near their extremity by 
a cell, from which they are continued as rods reaching the surface in the 
intervals of the epithelial cells. HoyerJ and Hartmann, § on the contrary, 

* *On the Epithelial Cells of the Frog’s Tongue,’ “Muller’s Archiv,” 1858, p. 159. 

t Reichert’s Archiv,” 1861, p. 329, 

t ‘Microscopic Researches on the Tongue of the Frog,’ “Reichert’s Archiv,” 1859, 
p. 481. 

§ ‘ On the Mode of Termination of the Nerves in the Tongue of the Frog,’ “Reichert’s 
Archiv,” 1863, p, 634. 
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consider that these appearances are the result of manipulation ; and that 
both the muscular and nervous fibres of the tongue terminate in 
Iree extremities, as was originallj maintained by Waller* to be the case 
with the nerves of the tongue in Man, no fibres penetrating the limiting 
piembrane of the papillae, or forming connections with the investing 
epithelium. 

593. The simple application of a sapid substance to the gustative sur- 
face is usually sufficient to excite the sensation ; and if this application 
be restricted to one particular spot, we are able to recognize its place 
more or less distinctly. In this respect, then, the gustative impression 
resembles the tactile ; for whilst we cannot, by our own consciousness, 
distinguish the parts of the retina or of the auditory lipparatus on which 
visual or auditory impressions are made, we can make this distinction in 
regard to the surface which is supplied by the nerves of general sense. 
From the carefiil experiments of Stich and Klaatsch,f supported as they 
are by the results of other observations, we are now enabled to define 
with some accuracy the exact seats of the sense of taste. It exists over 
the whole surface of the posterior third of the dorsum of the tongue, on 
the under surface of the tip, and in a band or line, about one quarter of 
an inch broad, running along its edge. The sense is also well defined in 
the posterior part of the hard palate, and in that portion of the soft palate 
which is near the bone, and, lastly, in the anterior pillars of the fauces. 
The middle and anterior part of the dorsum, the gums, posterior pillars 
of the fauces, and the inner surface of the lips, possess no sense of taste. 
Bitters and acids appear to be the substances of which the dilution or 
attenuation may be carried to the greatest extent, without ceasing to excite 
sensations of taste, providing a sufficient volume of the solution be intro- 
duced into the mouth. Thus, according to Valentin, one part of extract 
of aloes or of sulphuric acid in 900,000 of water, and even one part of 
sulphate of quinine in 1,000,000 of water, may be distinguished if heed- 
fully compared with perfectly pure water. The contact of a sapid sub- 
stance much more readily excites a gustative sensation, when it is made 
to press upon the papillae, or is moved over them. Thus there are some 
substances whose taste is not perceived when they are simply applied to 
the central part of the dorsum of the tongue, but of whose presence we 
are at once rendered cognizant by pressing the tongue against the roof of 
the mouth. The full flavour of a sapid substance, again, is more readily 
perceived when it is rubbed on any part of the tongue, than when it is 
simply brought in contact with it, or pressed against it. Even when 
liquids are received into the mouth, their taste is most completely discri- 
minated by causing them to move over the gustative surface : thus the 
^wine-taster’ takes a small quantity of the liquor into his mouth, carries it 
rapidly over every part of its lining membrane, and then ejects it. It is 
not improbable that this exaltation of the usual effects is simply due to 
mechanical causes ; the sapid particles being brought by the pressure or 

* The Author, in conjunction with Messrs. Bowman, T. Wharton J ones, and Kieman, 
has most carefully examined the mode of termination of the nerves in the fungiform 
papillm, with the view of testing the validity of the assertion of Dr. Waller (“Phil. 
Trans.,” 1849) that they have free truncated extremities. No such termination^ how- 
ever, could be exhibited to them by Dr. Waller. 

t Archiv f. Path. Anat.,” band xiv., 1858, p. 225, and band xvii. p. 80. 



622 OF THE ORGANS OF THE SENSES, AND THEIR FDNCTIOJIS. 

movement into more rapid and complete operation on the nerve-fibres, 
than they would be if simply placed in contact with the papillae. 

594. The impressions made upon our consciousness by a large pib- 
portion of sapid substances are of a complex kind ; being in part derived 
from their odorous emanations, of which we take cognizance through the 
organ of Smell. Of this any one may convince himself by closing the 
nostrils, and inspiring and expiring through the mouth only, whilst 
holding in the mouth, or even rubbing between the tongue and the 
palate, some aromatic substance ; for its taste is then scarcely recognized, 
although it is immediately perceived when its effluvia are drawn into the 
nose. It is well known, too, that when the sensibility of the Schneiderian 
membrane is blunted by inflammation (as in an ordinary ^ cold in the 
head’), the power of distinguishing flavours is very much diminished. 
In fact, some Physiologists are of opinion that all our knowledge of the 
flavour of sapid substances is received through the Smell ; but this, as 
already shown, would not be a correct statement ; and there are cases on 
record in which the sense of Smell has been entirely lost, without any 
impairment of the true sense of Taste.* 

595. Taken in its ordinary composite acceptation, the sense of Taste 
has for its object to direct ys in the choice of food, and to excite the flow 
of mucus and saliva, which are destined to aid in the preparation of the 
food for Digestion. Among the lower Animals, the instinctive percep- 
tions connected with this sense are much more remarkable than our own ; 
thus an omnivorous Monkey will seldom touch fruits of a poisonous 
character, although their taste may be agreeable ; and animals whose diet 
is restricted to some one kind of food will decidedly reject all others. 
As a general rule it may be stated, that substances of which the taste is 
agreeable to us are useful in our nutrition, and vice versa but there 

♦ An interesting case of this kind, occurring in a Negro who had gradually lost the 
characteristic hue of his skin, and had acquired the fair complexion of a European, 
has been put on record by Dr. J. C. Hutchinson. — The Olfactory nerve seemed to be 
entirely paralyzed, whilst the branches of the 5th Pair retained their integrity; 
so that, whilst the proper sense of Smell was entirely lost, a pungent burning sensation 
was excited by irritating vapours, and the application of snuff induced sneezing. Not- 
withstanding this deficiency, the sense of Taste, properly so called, did not seem to be 
impaired ; for substances which possessed neither odour nor pungency could readily be 
discriminated, even though their ]Astes were not widely different. (See “ Amer. Journ. 
of Med. Sci.,*’ Jan. 1852.) 

t It is justly remarked by Sir H. Holland (“ Medical Notes and Reflections,” p. 86), 
that, — In the majority of instances of actual illness, provided the real feelings of the 
patient can be safely ascertained, his desires as to food and drink may be safely com- 
plied-with. But undoubtedly much care is needful that we be not deceived as to the 
state of the appetites, by what is merely habit or wrong impression on the part of the 
patient, or the effect of the solicitation of others. This class of sensations is more 
nurtured out of the course of nature, than are those which relate to the temperature of 
the body. Tho mind becomes much more deeply engaged with them ; and though in 
acute illness they are generally submitted again to the natural law, there are many 
lesser cases where enough remains of the leaven of habit to render every precaution 
needful. With such precautions, however, which every physician who can take school- 
ing from experience will employ, the stomach of the patient becomes a valuable guide ; 
whether it dictate abstinence from a recurrence, of food ; whether much or little in quan- 
tity ; whether what is solid or liquid ; whether much drink or little ; whether things 
warm or cold ; whether sweet, acid, or saline ; whether bland or stimulating to the 
taste. ** Further, Sir H. Holland remarks : **It is not wholly paradoxical to say that 
we are authorized to give greatest heed to the stomach, when it suggests some seeming 
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are many signal exceptions to this. — ^Like other senses, that of Taste is 
capable of being rendered more acute by education ; and this on the 
principles already laid down in regard to Touch. The experienced wine- 
taster can distinguish differences in age, purity, place of growth, &c., 
between liquors that to ordinary judgments are alike ; and the epicure 
can give an exact determination of the spices that are combined in a par- 
ticular sauce, or of the manner in which the animal on whose flesh he is 
feeding was killed. As in the case of other senses, moreover, impressions 
made upon the sensory surface remain there for a certain period ; and 
this period is for the most part longer than that which is required for the 
departure of the impressions made upon the eye, the ear, or the organ of 
smell. Every one knows how long the taste of some powerful substances 
remains in the mouth; and even of those which make less decided 
impressions, the sensations remain to such a degree that it is difficult to* 
compare them at short intervals. Hence if a person be blindfolded, and 
be made to taste substances of distinct, but not widely-different flavours 
(such as various kinds of wine or of spirituous liquors), one after another 
in rapid succession, he soon loses the power of discriminating between 
them. In the same manner, the difficulty of administering very dis- 
agreeable medicines may be sometimes got-over, by either previously 
giving a powerful aromatic, or by combining the aromatic with the 
medicine ; its strong impression in both cases preventing the unpleasant 
taste from exciting nausea. 


4. Sense of Smell, 

596. The Nasal passages may be considered as having, in air-breathing 
Vertebrata, two distinct offices; for they constitute the portal of the 
Respiratory organs, and have for their office to take cognizance of the 
aeriform matter as it enters them, and to give warning of that which would 
be injurious (this being effected by the instrumentality of the Fifth 
pair, which receives the impressions of gaseous irritants, and excites the 
act of sneezing to expel them; whilst they also contain the organ of 
Smell, which is formed by the distribution, over a certain part of their 
membranous wall, of the Olfactory nerve, which is susceptible of being 
impressed by Odorous emanations. Of the nature of these emanations 
the Physical Philosopher is so completely ignorant, that the Physiologist 
cannot be expected to give a definite account of the mode in which they 
produce sensory impressions. Although it may be surmised that they 
consist of particles of extreme minuteness, dissolved as it were in the air, 
and although this idea seems to derive confirmation from tlie fact that 

extravagance of diet. It may be that this is a mere depravation of the sense of taste ; 
but frequently it expresses an actual need of the stomach, either in aid of its own 
functions, or indirectly (under the mysterious law just referred-to) for the effecting of 
changes in the whole mass of blood. It is a good practical rule in such cases to with- 
hold assent, till we find after a certain lapse of time that the same desire continues or 
strongly recurs ; in which case it may generally be taken as the index of the fitness of 
the thing desired for the actual state of the organs. In the early stage of recovery from 
long gastric fevers, I recollect many curious instances of such contrariety to all rule 
being acquiesced-in, with manifest good to the patient. Dietetics murt become a 
much more exact branch of knowledge, before we can be justified in opposing its maxims 
to the natural and repeated suggestions of the stomach, in the state either of health or 
disease.’* 
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moat odorous substances are volatile, and vice versA^ — ^yet the most deli- 
cate experiments have failed to discover any diminution in weight, in 
certain substances (as musk) that have been impregnating a large quantity 
of air with their efljjivia for several years ; whilst there are some volatile 
fluids, such as water, which are entirely inodorous. 

597. The Olfactory nerves pass-down from the Olfactory Ganglion 
in the form of very numerous minute threads, which form a plexus 
upon the surface of the Schneiderian or pituitary membrane (Fig. 
129). The filaments composing this plexus are described by Messrs. 
Todd and Bowman* * * § as differing widely in structure from those of the 
ordinary cephalic nerves ; they contain no white substance of Schwann, 
are nucleated and finely-granular in texture, and altogether bear a close 
resemblance to the gelatinous form of nerve-fibres 
Fig. 127. (Fig. 127). The mode in which these nerves termi- 

nate has recently been the subj ect of close investiga- 
tion by Hoyer,f Schultze,J and Lockhart Clarke. § 
Their distribution appears to be limited to the 
membrane covering the upper third of tlie sep- 
tum of the nose, the superior turbinated bone, and 
perhaps the upper part of the middle turbinated 
bone; together with the upper wall of the nasal 
cavities beneath the cribriform plate of the eth- 
moid bone ; all which surface is covered (as 
Messrs. Todd and Bowman have pointed-out) 
with an epithelium of a rich sepia-brown hue. 
According to Schultze these epithelial cells are 
divisible into two sets : one of these (a. Fig. 128) 
may be described as terminating externally by 
truncated flat surfaces which cannot be ob- 
served to be covered by any membrane 
separate from the contents of the cell. The 
contents themselves appear to consist of proto-plasma presenting 
a yellowish granular appearance in the outer part, whilst at the 
lower part an oval nucleus lying in clear protoplasm can be readily 
distinguished. Towards their attached extremity these cells become 
attenuated, and can be traced inwards for a considerable distance, 
when they expand into a broad flat sheet or plate, which, whilst it 
frequently presents a granular appearance, is never coloured. The pro- 
cesses which pass-off from this sheet appear to be continuous with the 
fibres of the submucous connective tissue. Towards the margin of the 
true olfactory region, cells (c, Fig. 128) in every respect analogous to 
those just described are foun^ excepting only that they present a well- 
defined band or seam at their free extremity, which is surmounted by a 
circle of cilia. — The cells of the second set (6, Fig. 128) have been described 
by Schultze as continuations of the nerves, and he has hence termed them 
‘ Olfactory cells.’ They are thin, fibrous- or rod-like bodies, terminating 

* '*Phy8iological Anatomy,” vol. ii. p. 9. 

t Henle and Meissner’s 1857, p. 27. 

t “ UnteTsaohongen ttber den Ban der Nasenschleimliant,” Halle, 4to. 

§ ** Zeits, f. Wissens. Zook,” band xi. For an abstract of this paper, see “ Med.- 

Ohir. ileview” for 1862, vol. i. p. 521 . 




SENSE OP SBIELL. 


625 


Fia. 128. 



at the same level as the proper epithelial cells, and presenting when traced 
inwards a series of moniliform or varicose swellings which are directly 
continuous with outrunners of more deeply-seated 
nerve-cells. Closely analogous appearances have 
been seen and described by Lockhart Clarke, who 
states that the Olfactory Nerve-fibres on reaching 
the base of the epithelial layer divide into liner and 
still finer branches, to form a network with 
numerous interspersed nuclei, through which they 
are probably connected with the “ Olfactory cells” 

Fig. 128), although he has never been able 
satisfactorily to convince himself of such connec- 
tion. The proper epithelial cylinders (cZ, e) are con- 
nected at their bases with the septa formed of 
connective tissue belonging to the subepithelial 
glandular layer. — The remainder of the nasal sur- 
face is supplied by the Fifth pair only, and is not 
endowed with sensibility to odours, although it is 
susceptible of irritation from such as are of a pun- 
gent nature ; and hence it is that we cannot distin- 
guish faint odours, unless, by a peculiar inspiratory 
effort, we draw the air charged with them to the 
upper part of the nose. In animals living in the air, 
it is a necessary condition of the exercise of the sense 
of Smell, that the odorous matter should be trans- 
mitted by q, respiratory current through the nostrils, 
and that the membrane lining these should be in 
a moist state. Hence, by breathing through the 
mouth, we may avoid being affected by odours even of the strongest and 
most disagreeable kind ; and in the first state of a ^tarrh, when the ordi- 
nary mucous secretion is suspended, the sense of Smell is blunted from 
this cause, as it afterwards is from the excess in the quantity of the fluid, 
which prevents the odoriferous effluvia from coming into immediate 
relation with the sensory extremities of the nerves. Hence we may easily 
comprehend how section of the Fifth Pair, which exerts a considerable 
influence over the secretions, wiU greatly diminish the acuteness of this 
sense, and will have the further effect of preventing the reception of any 
impressions of irritation from acrid vapours, which are entirely different 
in their character from true odorous impressions, and are not transmitted 
through the Olfactory nerve (§ 503)* 

598. The importance of the sense of Smell among many of the lower 
Animals, in guiding them to their food, or in giving them warning of 
danger, and also in exciting the sexual feelings, is well known. To Mau 
its utility is comparatively small imder ordinary circumstances ; but it 
may be greatly increased when other senses are deficient. Thus, in the 
weU-known case of James Mitchell, who was blind, deaf, and dumb, from 
his birth, it was the principal means of distinguishing persons, and enabled 
him at once to perceive the entrance of a stranger. It is recorded that a 
blind gentleman, who had an antipathy to cats, was possessed of a sensi- 
bility so acute in this respect, that he perceived the proximity of one that 
had been accidentally shut-up in a closet adjoining his room. Among 


Cells of the Olfactory 
Mucous Meunbrane —a, b, o 
after Schultze; d^e, fatter 
Lockhart Clarke. 
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Savage tribes, whose senses are more cultivated than those of civilized 
nations, more direct use being made of the powers of observation, the 
scent is almost as acute as in the lower Mammalia : thus it is asserted 


Pio. 129. 



Diatributiop of the Olfactory Nerve on the Septum Nasi. The narcs have been divided by 
a longitudinal Boction made immediately to the left of the septum, the right nares being pre- 
served entire. — 1. The frontal sinus. 2. The nasal bone. 3. The crista galli process of the 
ethmoid bone. 4. The sphenoidal sinus of the left side. 6. The sella turcica. 6, The 
basilar process of the sphenoidal and occipital bones. 7. The posterior opening of the right 
nares. *8. The opening of the Eustachian tube in the upper part of the pharynx. 9. The 
soft palate, divided through its middle. 10. Cut surface of the hard palate, a. The olfac- 
tory peduncle, h. Its three roots of origin, c. Olfactory ganglion, from which the filaments 
proceed that spread-out in the substance of the pituitary membrane, d. The nasal nerve, a 
branch of the ophthalmic nerve, descending into the left nares from the anterior foramen of 
the cribriform plate, and dividing into its external and internal branch, e. The naso-pala- 
tine nerve, a branch of the sphcno-palatine ganglion, distributing twigs to the mucous 
membrane of the septum lusi in its course to (/) the anterior palatine foramen, where it 
forms a small gangliform welling (Cloquet’s ganglion) by its union with its fellow of the 
opposite side. g. Branches of the naso-palatino nerve to the palate, h. Posterior palatine 
nerves, t, t. The septum nasi. 

by Humboldt, that the Peruvian Indians in the middle of the night can 
distinguish the different races, whether European, American-Indian, or 
Negro ; and the Arabs of the Great Desert are said to be able to dis- 
tinguish the smell of a fire thirty miles off. — The quantity of some odorous 
bodies which is capable of exciting a distinct perception of Smell, must in 
some instances be exceedingly small. A very minute trace of sulphuretted 
hydrogen is readily recognized, and according to Valentin, one part of 
bromine in 200,000 of air communicates an unpleasant odour to the 
latter, whilst in the case of musk a proportion not greater than one 
part in 13,000,000 of air is still perceptible. — The agreeable or dis- 
agreeable character assigned to particular odours, is by no means constant 
amongst different individuals. Just as many of the lower animals pass 
their whole lives in the midst of odours that are to Man (in his civilized 
condition at least) in the highest degree revolting, and will even refuse to 
touch food until it is far advanced in putridity, so do we find that men 
who are compelled by circumstances to live upon putrescent food, come 
at last to relish it most when it is furthest advanced in decomposition 
(§ 51) ; and the most refined epicures among highly-civilized communities 
seem to find pleasure in similar odours and savours, which to ordinary 
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tastes are anything but agreeable. — ^As to the length of time during 
which impressions made upon the organ* of Smell remain upon it, no 
certain knowledge can be obtained. It is difficult to say whep the effluvia 
themselves have been completely removed from the liasal passages, since 
it fe not unlikely that the odorous particles (supposing such to exist) are 
absorbed or dissolved by the mucous secretion ; it is probably in this 
manner that we may account for the fact, well known to every medical 
man, that the cadaverous odour is frequently experienced for many days 
after a post-mortem examination.* 

5. Sense oj Vision. 

599. The objects of this sense are bodies from which Light proceeds, 
either because they are luminous in themselves, or because they reflect 
the light that proceeds from other bodies. Whether their light is trans- 
mitted by the actual emission of luminous particles, or by the propagation 
of undulations analogous to those of sound, is a question that has been 
long keenly debated amongst Natural Philosophers; but it is of little 
consequence to the Physiologist which is the true solution, since he is 
only concerned with the laws according to which the transmission takes 
place, which are the same on both theories. These laws it may be desirable 
here briefly to recapitulate. 

600. Every point of a luminous body sends-off a number of rays, which 
diverge in every direction, so as to form (as it were) a cone, of which the 
luminous point is the apex. So long as these rays pass through a medium 
of the same density, they proceed in straight lines ; but if they enter a 
medium of different density, they are refracted or bent, — toivards the 
perpendicular to the surface at the point at which they enter, if they pass 
from a rarer into a denser medium, — and from the perpendicular, when 
they pass from a denser medium into a rarer. It is easily shown to be a 
result of this law, that, when parallel rays passing through air fall upon 
a convex surface of glass, they will be made to converge ; so as to meet 
at the opposite extremity of the diameter of the circle, of which the curve 
forms part. If, instead of continuing in the glass, they pass-out again, 
through a second convex surface, of which the direction is the reverse of 
the first, they will be made to converge still more, so as to meet in the 
centre of curvature. Kays which are not parallel, but which are 
diverging from a focus, are likewise made to converge to a point or focus ; 
but this point will be more distant from the lens, in proportion as the 
object is nearer to it, and the angle of divergence consequently greater. 
The rays diverging from the several points of a luminous object, are thus 
brought to corresponding foci; and the places of all these foci hold 
exactly the same relation to each other, with that of the points from 
which the rays diverged ; so that a perfect image of the object is formed 
upon a screen held in the focus of the lens. This image, however, will be 
inverted ; and its size, in proportion to that of the object, will depend 
upon their respective distances from the lens. If their distances be the 
same, their size will also be the same; if the object be distant, and the 
image near, the latter will be much the smaller : and vice versd, 

601. There are two circumstances, howeT^'er, which interfere with the 

♦ This may partly be attributed also to the effluvia adhering to the dress. It has 
been remarked that dark cloths retain these more strongly than light. 

s s 2 
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perfection of an image thus formed by a convex lens. The one is, that, 
if the lens constitute a large pj^rt of the sphere from which it is taken, the 
rays which fall near its margin are not brought to a focus at the same 
point with those which pass through its centre, but at a point nearer the 
lens. This difference, which must obviously interfere greatly with I9ie 
distinctness of the image, is termed Spherical Aberration ; it may be cor- 
rected by the combination of two or more lenses, of which the curvatures 
are calculated to balance one another, in such a manner that all the rays 
shall be brought to the same focus ; or by diminishing the aperture of 
the lens by means of a stop or diaphragm, in such a manner that only 
the central part of it shall be used. The latter of these methods is the 
one employed, where the diminution in the amount of light transmitted 
is not attended with inconvenience. The nearer the object is to the lens 
(and the greater, therefore, the angle of divergence of its rays), the 
greater will be the spherical aberration, and the more must the aper- 
ture of the diaphragm be reduced in order to counteract it. The term 
astigmatism* (a, privative, and anyfia^ a point) has been applied by 
Professor Whewell to a condition of the eye (first observed in himself by 
Professor Airy) in which there is an inequality in the refractive power 
(owing to difference in the degree of curvature either of the cornea, or of the 
lens, or of both) between the horizontal and vertical meridians of the eye. 
There is a consequent incapacity on the part of the eye to collect all the rays 
of light entering it to one exact focus; this has been shown by Bonders 
to be of common occurrence in those who are otherwise healthy. In such 
persons there are two foci, one for horizontal and the other for vertical 
rays. This condition may be remedied by the use of the so-called cylin- 
drical glasses. — The other circumstance that interferes with the distinctness 
of the image, is the imequal refrangibility of the differently- coloured rays 
which together make-up white or colourless light ; the violet being more 
bent from their course than the blue, the blue more than the yellow, and 
the yellow more than the red ; the consequence of which will be, that the 
violet rays are brought to a focus much nearer to the lens than the blue, 
aqd the blue nearer than the red. If a screen be held to receive the 
image in the focus of any of the rays, the others will make themselves 
apparent as fringes round its margin. This difference is termed Chromatic 
Aberration, It is corrected in practice, by combining together lenses of 
different substances, of which the dispersive power (that is, the power 
of separating the coloured rays) differs considerably. This is the case 
with flint and crown-glass, for instance, — the dispersive power of the 
former being much greater than that of the latter, whilst its refractive 
power is nearly the same ; so that, if a convex lens of crown-glass be 
united with a concave of flint whose curvature is much less, the dis- 
persion of the rays effected by the former will be entirely counteracted 
by the latter, which diminishes in part only its refractive power-l 

* See Donders* ** Astigmatismus,” &c. (Berlin, 1862); the ^‘Oration” delivered 
by Mr. Z. Laurence before the North London Medical Society, 1863, and his papers 
in tbe “Med. Times and Gazette” for 1862-68; also Mr. Wharton Jones’s abstract 
of paper read before the Koyal Society, in “Proceedings of the Eoyal Society” for 1869, 
Tol. X. p. 374. 

+ For an able summary of the most recent researches on the optical relations of the 
Bye, see “Med.-Chir. ^view,” January, 1862, See also the papers of Mr, J. S. 
Well% in the “Eoyal London Ophthalmic Hospital Reports,” vols. ii. and iii. 
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602. The Eye may be regarded as^an optical instrument of great 
perfection, adapted to produce, on the sur&ce of the Eetina, a com- 
plete image or picture of luminous objects brought before it; in which 
the forms, colours, lights and shades, &c. of the object are ajl accurately 
represented. By the different refractive powers of the transparent media 
through which the rays of light pass, and by the curvatures given to 
their respective surfaces, both the Spherical and Chromatic aberrations 
are corrected in a degree sufficient for all practical purposes; so that, in 
a well-formed eye, the picture is quite free from haziness and from false 
colours. The power by which it adapts itself to variations in the distance 
of the object, — so as to form a distinct image of it, whether it be six 
inches, six yards, or six miles off, — is extremely remarkable, and cannot 
be regarded as hitherto completely explained. It is obvious that, if* we 
fix upon any distance as that for which the eye is naturally adjusted (say 
12 or 14 inches, the distance at which we ordinarily read), the rays pro- 
ceeding from an object placed nearer to the eye than this would not be 
brought to a focus upon the retina, but would converge towards a point 
behind it ; whilst, on the contrary, the rays from an object at a greater 
distance would meet before they reach the retina, and would have again 
diverged from each other when they impinge upon it ; so that, in either 
case, vision would be indistinct. Now, two methods of adaptation suggest 
themselves to the Optician. Either he may vary the distance between 
the refracting surface and the screen on which the image is formed, in 
such a manner that the latter shall always be in the focus of the con- 
verging rays ; or, the distance of the screen remaining the same, he may 
vary the convexity of his lens, in such a manner as to adapt it to the 
distance of the object. The mode in which this adaptation is effected in 
the Human Eye has been carefully investigated by Czermak, Helmholtz, 
and others. According to the calculations of Olbers, based on the ascer- 
tained refractive powers of the media of the eye, the difference between 
the focal distances of the images of two objects, the one so far off that its 
rays are parallel, and the other at the distance of only four inches from 
the eye, is about 0*143, or one-seventh of an inch; but as the usual range 
of distinct vision does not extend to objects brought within six or seven 
inches, the amount of change required in the relative places of the refract- 
ing bodies and the retina would not ordinarily exceed a line. It has been 
thought that this change might be produced by an alteration in the con- 
vexity of the cornea, or by an elongation of the globe of the eye generally, 
or by both methods in combination; but a strong counter-argument 
to these opinions is derived from a case which came under the obser- 
vation of V. Grafe, in which the power of accommodation was preserved, 
although from paralysis of the Third Nerve all the ocular muscles 
were paralyzed, except the external rectus and the superior oblique. 
There is much more ground for the belief that a change of form and 
perhaps of place is effected in the crystalline lens, by the action of the 
ciliary muscle and the erectile tissue of the ciliary processes; for not 
only can it be shown that the contraction of the ciliary muscle woidd 
tend to compress the lens, but the fact that this muscle is pecu- 
liarly powerfiil in the predaceous Birds, which are distinguished for their 
great range of vision, and which have, in their circle of osseous sclerotic 
plates, an unusually firm point of attachment for it, is a strong argument 
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in fiiTOur of this doctrine.* Further, the almost entire loss of thd power 
of adapting the eye to distances, which is experienced after the removal of 
the Cryst^ne lens in the operation for CJataract, is a marked indication 
that some change in the place or figure of this body is the principal means 
whereby the ordinary adaptation is effected. The precise changes which 
occur in the interior of the Eye when it .is accommodated for viewing 
near objects, or diwxmg positive accommodation^ have been determined by 
Helmholtz| with an instrument that he has termed an Ophthalmometer, 
the principle of which consists in examining the reflection from the various 
ocular media of two flames : — alterations in the relative position and 
figure of these can be readily perceived and measured, furnishing the 
data for the requisite calculations. By this means it has been ascertained 
that the essential alteration is a change effected by muscular effort in 
the figure of the lens, which increases in thickness in its antero-posterior 
diameter, the convexity of the anterior surface in particular undergoing a 
considerable augmentation (/i, Fig. 130), and by a forward movement ap- 
proximating the cornea ; whilst the convexity of the posterior surface is 

Fia. 130. 



c, Cornea ; s, Sclerotic ; f o ir, Vertical plane of the Cornea ; b o n. Axis of the Eye ; s s, 
Canal of Schlemm ; p, Angle formed by the Iris and Cornea, or margin of anterior Chamber ; 
m, Position of Iris, and curvature of Lens in an Eye converged for parallel rays, distant 
vision, or negative accommodation ; n, Position of Iris, and curvature of lens required for near 
objects, or for positive accommodation. 

but slightly modified, and undergoes scarcely any change of place. The 
return of the lens to its original figure after the cessation of the effort by 
which it has been accommodated for near objects is probably effected by 
its own elasticity, which is certainly very considerable. The other and 
clearly secondary changes which have been observed are a contraction of 
the circular fibres of the Iris, making the pupil smaller — the pupillary 
edge of the Iris at the same time moving forwards, and the attached or 
peripheral edge (p) backward. The forward movement of the plane of 
the iris amounts, according to Knapp,f to about l-12th of an inch : Czer- 
mak was, however, unable to perceive any arching forward of the iris, and 

* See on this subject, Messrs. Todd and Bowman’s “ Physiological Anatomy,” vol. ii. 
p. 27 ; and Dr. Clay Wallace on ** The Adjustment of the Eye to Distances,” New York, 
1861 . 

+ A full confirmation of Helmholtz’s statements, with a good historical resumi ,of the 
whole subject, will, be found in Prof. Allen Thomson’s Phenomena and Mechanism of 
the Focal Adjustment of the Bye to Distinct Vision at Different Distances” (pamphlet). 
** Archi? f. Ophthalmol.,” band vi abtheil, ii. p. 1. \ 
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believes that its plane remains perpendicular. Lastly, according to Becker,* 
the points of the ciliary processes retire from the edge of the lens. That 
the presence of the Iris is not indispensable for the performance of posi- 
tive accommodation, is shown by the fact that, in a patient from whom 
Grafe removed the whole Iris, this faculty remained perfect; and a similar 
power has been observed to exist in cases of congenital absence of 
the Iris. I — The object fulfilled by the contraction of the pupil in adapta- 
tion of the Eye for near objects, is evidently to exclude the outer rays of 
the cone or pencil, which, from the large angle of their divergence, 
would fall so obliquely on the convex surface of the eye as to be 
much affected by the spherical aberration, and thus to allow the 
central rayS only to enter the eye, so as to preserve the clearness of 
the image ; the principle being exactly the same as that on which the 
optician applies a stop behind his lenses, which reduces their aperture in 
proportion to the shortness of their focal distance. The channel through 
which this action is effected, is evidently the same as that through which 
the convergence of the eyes is produced, — namely, the inferior branch of 
the Third pair of nerves ; to the action of which, the sensations received 
through the retina seem to afford the immediate stimulus, in the same 
manner as they do to the ordinary variation in the diameter of the pupil 
under the influence of light ; but the voluntary determination to fix the 
vision upon the object, is the original source of the action. During 
negative accommodation ^ — in other words, in viewing distant objects, — 
the lens {m) becomes flattened, the external margin of the iris is 
brought forward, the pupil dilates, and the tips of the ciliary processes 
are approximated to the margin of the lens. The main instrument 
in effecting these changes in the Eye apjiears to be the Ciliary Muscle^ 
the structure and attachments of which were first clearly described 
by Mr. Bowman. It consists of unstriped muscular fibre, partly 
arranged in a circular manner, the innermost fibres running parallel to the 
margin of the Cornea, and partly disposed radially, the fibres of the latter 
portion of the muscle appearing to be connected at their origin with the 
posterior elastic lamina of the Cornea, and externally or posteriorly being 
partly inserted into the Iris, forming the pillars of the Iris (Ligamentum pec- 
tinatum iridis), partly into the Sclerotic bounding the canal of Schlemm 
( 5 , Fig. 130), and partly into that part of the outer surface of the choroid 
tunic, which corresponds to the ciliary processes. The mode and effects 
of the contraction of this muscle have not been determined with perfect 
certainty ; some, as Brucke, believing the anterior attachment to be the 
origin, or fixed point, towards which in contraction the posterior ex- 
tremity is drawn ; others, as Bonders, that the posterior border is the true 
origin ; and others again, as Helmholtz, considering that both extremities 
are moveable. According to Cramer, Bonders, II. Muller, and others, the 
lens, when adapted for viewing infinitely -distant objects, is at rest, and it 
is only when near objects are looked at that a change is impressed on the 
figure and position of the lens; Cramer attributing this effect especially to 
pressure exerted by the iris, and H. Muller to the ciliary muscle. Helm- 

• See his interesting paper in Braun, Buchek, and Schlager’s ^‘Medizin* 

1864, p. 1. 

t See Br. Soelberg Wells’ instructive paper * On the Paralysis of the Muscles of the 
Bye,’ in the ** Ophthalmic Hospital Heports,” vol. iL 1869-1860, p. 199. 
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lioltz, Arlt, and Jelger, on the contrary, consider that the lens is flattened 
in viewing distant objects, through the traction exerted by an elastic 
membranous zonula attached to its edge. When the ciliary muscle con- 
tracts, which occurs in viewing near objects, the posterior border of the 
zonula is drawn forward, and its tension, and therefore the flattening 
power it exerts upon the lens, is diminished. A third supposition has been 
advanced by Henike and Langenbeck^ to the effect that a muscular effort is 
required in arranging the Eye for viewing both near and distant objects, the 
former being accomplished through the contraction of the circular fibres, the 
latter through that of the radial fibres ;f but a strong argument against 
this view is derived from the circumstance that no fatigue is experienced 
from prolonged direction of the Eye to distant objects, whilst the employ- 
ment of the visual power upon near objects for some time is accompanied 
with a sense of effort, and is followed by* fatigue. The movement 
which effects the change of form of the crystalline lens, is performed in 
obedience to Volition, and is guided by sensation ; yet we are not con- 
scious of performing it, all that we will being the result ; and thus we 
have another apposite illustration of the really automatic nature of what 
are termed ‘ voluntary movements’ generally (§ 531 ). The time occupied in 
accommodating the Eye for near objects is greater, than that required for 
adapting it to view distant objects. According to Aby the period occupied 
in changing the accommodation from 17 to4| inches is about 2 seconds, 
whilst in changing it from to 17 inches only 1*2 seconds are required. 
Vierordt, however, J states that he was able to effect the accommodation from 
60 feet to 4 J inches in about nine-tenths of a second, and from 4^ inches to 
60 feet in about seven-tenths of a second. Differences in age, and in amount 
of practice, are probably the chief causes of such variations in the results 
of different observers ; accommodation for near objects being always 
accomplished more slowly with the advance of years. — In healthy, or as 
Bonders terms them, ‘ emmetropic’ eyes, the limits of clear vision lie between 
two points, the ^ near-point’ and the ^ far-point.’ The former, very near 
the eye in infancy, gradually recedes with advancing age ; and Fellenberg§ 
has shown, that at 10 years of age it is 2|- inches distant from the front 
of the cornea ; at 20 years of age, in. ; at 30, 4^ in. ; at 40, 6^ in. ,* at 
50, 12 in.; at 60, 24 in. ; and at 70, 144 inches. The ^far-point’ for healthy 
eyes is infinite distance, or in other words, the refractive media of healthy 
eyes in a condition of repose are adapted to bring parallel rays to a focus 
on the retina. The extent of the range of vision for each eye is very 
considerable, amounting, according to Kom and Forster, || in the hori- 
zontal direction, to an arc of 130°, and in the vertical to an arc of 116®. 

603. When both eyes are fixed upon an object, their axes converge so 
as to meet in it ; and the degree of convergence is of course altered by 
variations in the distance of the object ; since, when the object is very 
remote, the optic axes are virtually parallel, whilst its approach causes 
them to incline towards each other, and this the more rapidly as the 
object is brought nearer, the increase being the greatest when it has 

* Henle and Meissner’s ‘*Bericht,” 1860, p. 661. 

+ An opinion to which Grhfe seems also to have been led from a comparison of the 
effects of belladonna and opium upon the iris and upon the ciliary muscle (as indicated 
by the power of accommodation) respectively, 

t Henle and Meissner’s ** Bericht,” 1867, p. 647, 

§ Canstatt’s “ Jahresbericht” for 1862, p, 167. II Ibid. 



SEKSE OF vision: — OPTICAL PRINCIPLES. 


m 


arrived witMn the ordinary distance of distinct vision. Here, again, we 
have an example of the automatic nature of voluntary actions ; for the 
convergence of the eyes that may be produced by this gradual approxi- 
mation of an object on which the eyes are kept-fixed by an exercise of 
the Will, far exceeds that which most individuals can induce by an effort 
made directly for the purpose; and if, when an object has thus been 
gradually approximated to within a few inches of the nose, the voluntary 
fixation be intermitted, and tlie optic axes be allowed to regain their 
parallelism, they can seldom be brought to converge again upon it, with-* 
out repeating the whole process. — It has been thought, from the close 
accordance between the changes required for the adaptation of the eyes 
to distinct vision at different distances, and the alterations in the direction 
of the optic axes which are required to bring the two eyes to bear upon 
objects at varying degrees of proximity or remoteness, that the former of 
these movements is in some degree dependent upon the latter, or, at any 
rate, that the two proceed from a common motor impulse. But that the 
convergence of the axes is not itself in any way the occasion of the altera- 
tion of the focus of the eye, is shown by these two facts ; first, that the 
adaptation is as perfect in a person who only possesses or uses one eye, as 
it is when both are employed ; and second, that some persons possess the 
power of altering the focus of the eyes by an effort of the will, whilst the 
convergence remains the same. 

604. The ordinary forms of defective vision, which are known under 
the names of Myopia and Preshjopia^ or ^ short-sightedness’ and ‘ long- 
sightedness,’ are entirely attributable to defects in the optical adaptation 
of the eye. In the former, its refractive power is too great ; the rays 
from objects at the usual distance are consequently brought too soon to 
a focus, so as to cross one another and diverge before they fall upon the 
retina ; whilst the eye is adapted to bring to their proper focus on the 
retina, only those rays which were previously diverging at a large angle, 
from an object in its near proximity. Hence a ^ short-sighted’ person, 
whose nearest limit of distinct vision is not above half that of a person of 
ordinary sight, can see minute objects more clearly ; his eyes having, in 
fact, the same magnifying power which those of the other would possess, 
if aided by a convex glass that would enable him to see the object dis- 
tinctly at the shortest distance. But as the myopic structure of the eye 
materially diminishes the distance of his far-point, and incapacitates its 
possessor from seeing objects clearly at even a moderate distance, it is 
desirable to apply a correction ; and this is done by simply interposing 
between the object and the eye a concave lens, of which the curvature is 
properly adapted to compensate for the excess of that of the organ itself. — 
On the other hand, in the presbyopic, or, as designated by Bonders, the 
hypermetropic eye,* the curvature and refractive power are not sufficient 

* The term Presbyopia is limited by Donders to the condition in which, as the result of 
the increase of years, the range of accommodation is diminished, and the vision of near 
objects is interfered with. Myopia and Presbyopia are, therefore, by no means opposite con- 
ditions ; they may even co-exist, as in an eye which can only see accurately from 20" to 14 
for here the farthest point of distinct vision is situated at too short a distance (Myopia); 
the nearest point at too great a distance (true Presbyopia). The real opposite to Myo^ 
is Hypennetropia, in which the principal focus falls behind the retina, as in Myopia it falls 
in front of the retina.— See Bonders’ treatise on “ Accommodation and Refraction of the 
Bye New Syd. Soc. Trans., 1864, pp. 84 and 210. 
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to bring to a focus, on the retina, rays which were previously divergent 
in a considerable or even in a moderate degree ; and indistinct vision in 
regard to all near objects is, therefore, a necessary consequence, whilst 
distant objects are well seen. This defect is remedied by the use of 
convex lenses, which make-up for the deficiency of the curvature. The 
term ‘ presbyopia,’ as limited by Donders, simply expresses a deficient 
power of accommodation in the eye, resulting from increased density of 
the lens, or from paralysis of the ciliary muscle, so that the ^ near-point’ 
recedes beyond a certain point, arbitrarily fixed by Donders for the sake 
of convenience at eight inches. — The effects of Atropine upon the Eye are 
very remarkable, not only in dilating the pupil to the utmost, but in com- 
pletely paralyzing the power of accommodation, so that the ‘ near-point’ 
becomes gradually more and more distant, till at length it coincides with 
the ‘ far-point.’ The Calabar bean, on the contrary, causes extreme con- 
traction of the pupil, the ‘ far-point,’ and in many eyes the ‘ near-point’ 
also, becoming approximated to the eye, though the power of accommoda- 
tion is never altogether lost. — ^We commonly meet with myopia in young 
persons, and with presbyopia in old ; but this is by no means the invariable 
rule ; for even aged persons are sometimes ‘ short-sighted,’ and ‘ long- 
sightedness’ is occasionally met-with amongst the young. In choosing 
spectacles for the purpose of correcting the errors of the eye, it is of great 
consequence not to make an over-compensation ; for this has a tendency 
to increase the defect, besides occasioning great fatigue in the employ- 
ment of the sight. It may be easily found when a glass of the right 
power has been selected, by inquiring of the individual whether it alters 
the apparent size of the objects, or only renders them distinct. If it alter 
the size (increasing it, if it be a convex lens, and diminishing it, if it be a 
concave), its curvature is too great; whilst if it do not disperse the haze, 
it is not sufficiently powerful. In general it is better to employ a glass 
which somewhat undcr-compensates the eye, than one whose curvature is 
at all too high ; since, with the advance of years in elderly persons, a 
progressive increase in power is required ; whilst, as yomig persons grow- 
up to adult age, they should endeavour to dispense with the aid of 
spectacles. — Many other interesting inquiries, respecting the action of 
the Eye as an optical instrument, suggest themselves to the Physical 
philosopher ; but the foregoing are the chief in which the Physiologist is 
concerned ; and we shall now proceed, therefore, to consider the share 
which the Nervous apparatus performs in the phenomena of vision. 

605. The Optic Nerve, at its entrance into the eye, divides itself into 
numerous small fasciculi of ultimate fibrils ; and these appear to spread 
themselves out, and to inosculate with each otlier by an exchange of fibrils, 
so as to form a net-like plexus, which constitutes the inner layer of the 
Retina (Fig. 131, 7 ) in immediate contact with the ‘limitary mem- 
brane’ ( 8 ). There is considerable difficulty, however, in the precise 
determination of the course of the nerve-fibres in the Retina, on account 
of their minute size and the alteration in their characters. Although 
uniformly much smaller than ordinary nerve-fibres, they present con- 
siderable diversities in size (Fig. 132, 1,2); the largest of them^ being 
only about 1 -6000th of an inch in diameter, whilst the smallest ^re no 
more than from 1-30, 000th to l-50,000th of an inch. Notwithstapding 
the statement of Prof. KoUiker, that they closely resemble the finest nbrve- 
tubes in the central organs, he has not been able to demonstrate their 
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tubular character ; and it is considered by Mr. Bowman that, lihe the 
fibres of the Olfactive tract (§ 597), they consist of axis-cylinders without 
sheaths. Perhaps the fact may rather be, that they are in that early 
stage of development, in which the components of a complete tubular 
fibre have not yet been differentiated. — 

Externally to the stratum of nerve- Fio. 131. 

fibres, which may be called the Optic 
layer, is a vesicular Stratum (Pig. 131, 

6), which consists of a finely-granular 
matrix, wherein are imbedded nerve- 
cells exactly resembling those of the 
Encephalon, and having, like them, a 
variable number of processes, some of 
which appear to become continuous 
with the fibres about to be described. 

It is to these fibrous and vesicular 
layers of the lietina, which together 
make-up the analogue of the cortical 
substance of the Cerebrum, that the 
principal supply of blood is distributed, 
by the minute capillary network (Fig. 

133), which is spread-out through their 
subsfiuice. — The princijjal part of the 
thickness of the Ketina, however, is ' 
made-up of a series of layers whose 
structure has until lately been com- 
pletely misunderstood ; and though ^ 
their real character cannot be regarded 

as yet fully elucidated, yet a Sreat « vertical section of IRetina of the Human 
•> *' Eye ; — 1, uuviutu. ittyci ; n, uutci (p'anular 

step has been made m advance by lnyer; 3, intermediate fibrous layer J 4, 

the researches of II. MuUer and Kol- 

liker.* These layers, as seen in a ot fibres of <qitic nerve; 8, limitary mem- 

vertical section (Fig. 131), succeed^ " ’ 

each other from within outwards as follows : — In contact with tlie vesi- 


t: -.!• .. ..i\i kiiiU 


cular layer (6) is a layer of finely-granular matter of a greyish hue, in 
which an indistinct radiating fibrous appearance is seen ; next is a layer 
of definite granules (4), which seem like minute cells closely investing 
nuclei ; outside tliis is another layer (3), in which the appearance of 
radiating fibres is more distinct; this, again, is succeeded by another 
granular layer (2) resembling the preceding ; and outside all these is the 
layer ( i ) of ‘ cones’ and ‘ rod-like’ bodies, which has long been known as 
‘ Jacob’s membrane.’ This last has been supposed to be entirely discon- 
nected, both structurally and functionally, from the proper nervous apparatus 
of the Ketina ; biit recent investigations have made it probable that it really 
forms part of it. For the ‘ rods’ or ‘staff-like’ bodies (Fig. 132, a a), may 


* See the Memoir of the former, ‘Zur Histologie der Netzhaut,’ in KoUiker aad 
Siebold’s Zeitschrift,” 1851 ; and the ‘^Mikroskopische Anatomie,” band ii. § 274, and 
the “ Manual of Human Histology” (Sydenham Society’s Ed.), vol. ii. pp. 368-382, of 
the latter. See also Mr. Bowman’s Lectures on the Parts concerned in the OperatioM 
on the Eye, ” p. 81, and Todd and Bowman’s “Physiological Anatomy,” voL il pp. 28-80, 
Nunneley “ On the Organs of Vision” (London, 1858) contains a good account of the Eye, 
and many very carefully-taken measurements. See ^so Krause in “ Zeits. f. Bat. Med,,” 
band xi. ; H. MUller in “ WiirzburgtNaturwissens. Zeitschrift,” band iL 
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be traced into continuity with the granules (/,/) of the outer granular 
layer, sometimes immediately, sometimes by the intervention of a fine 
fibrous prolongation ; and from the granules of the outer layer, fine fibres 

(e, e) may be traced towards 
Fig. 132. those of the inner layer (g, g), 

^ So, again, the ‘cones’ h)j 

t1 whose outer extremities (c?, d) 

are often' seen on the external 
surface as ‘rods,’ may be traced 
^ into continuity with the granular 

layers (/, g,) by the inter- 
c mediation of fine fibres (e, e). 
n I jii^. And from the outer granular 

g ‘ ® ^ \ .W layer, similar very delicate 

r - ^ 1 fibres are found to pass towards 

L ""Q the vesicular layer, where some 

I I if 1 them appear to come into 

I '* i ^ \ absolute continuity with the 

I A ^ radiating prolongations of the 

’ I a nerve- cells ( JO, Z), whilst others 

^ I c pass through the vesicular 

I 1 expand into trum- 

li s (f pet-shaped terminations ( 9 , A), 

» (j A I I stratum of optic fibres. 

^ I ^ ^ I effects of reagents, more- 

^ iili \ over, on these elements, are 

I such as to increase this proba- 
bility. It is to be remarked 
I especially of the rod-like bodies, 
“ y.Q^y spccdily and 

Elements of Human Metina .--—I, large fibre of optic remarkably altered by the con- 
nerve: 2 , very fine fibre of the same; 3 , rod with a , , ^ t ,* i , , 4.1^^ 

granule/ attwhed; 4, a similar rod with a fine fibrous tact 01 water, Wjlicncauses them 

"“dergo contortions and ir- 

cones b b, with their nuclei c e, their bacillar portions regular bulgingS and COntraC- 
d d, and their fine fibrous prolongations e c; 8, radiating A 

fibre e e, with granule of outer layer a, and subdividing vj/* Although the gene 

in the bacillar layer, as well as in the optic layer h; ral direction of the fibrOUS 
9, connection of rods a, with granules of inner layer/, , , ‘j. / 

granule of outer layer g, and expansion of the fibre pro- elements 01 the Ketina itsell (^as 

ceeding from the latter in the optic layer at laeirailar distinguished frona those of the 
connection of cone b 0 , with granule g, and with nerve- xwxxx ^ 

cell which has another fibrous prolongation w. expansion of the Optic Nerve) 

is radial as regards the globe of 
the eye, or vertical as regards any part of the surface of the mem- 
brane, yet there are situations in which the rod-like bodies are directed 
BO obliquely, as to present quite an imbricated arrangement upon the 
external surface (Fig. 134). 


606 . There are two spots in the Retina, in which the arrangement 
of the foregoing components is essentially different; and from these 
differences, important physiological conclusions may be drawn. One of 
these is the slight eminence at which the Optic nerve enters, which is a 
little below and internal-to the posterior extremity of the axis of the 
eye;^ here all the other elements than the nerve-fibres are entirely 
wantii^. The other is the ‘yellow spot of Soemmering,’ which is 
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situated in the exact centre of the retina; here the stratum of optic 
fibres is wanting, the nerve-cells being in immediate contact with the 
limitary membrane ; the granular layer is deficient in the centre, so that 

Fig. 133. Fio. 134. 



Distribution of Capillaries in the Vascular Part of external surface of JRetina qf Frog, 

layer of the Eehna. showinp the imbricated arrangement of the 

extremities of the rods of ‘Jacob's Membrane.' 


the pigment of the choroid is visible through it ; but the bacillar layer 
is everywhere continuous, the ordinary rods,^ however, having their 
places entirely occupied by the ‘ cones,’ whose extremities abut upon the 
external surface, instead of being removed from it as elsewhere. — Now 
it is not a little remarkable, that -the point of the entrance of the Optic 
nerve should be deficient in the power of receiving distinct visual im- 
pressions (§ 623) ; whilst the ‘ yellow-spot’ is the most sensitive portion 
of the entire Retina. And hence it seems unequivocally to follow, that 
these impressions cannot act primarily upon the nerve-fibres ; — a con- 
clusion which harmonizes with the fact, that the fibres of the optic nerve 
are superimposed upon each other in the stratum which they form, in 
such numbers that it is not conceivable that they should bo the primary 
recipients of luminous impressions, since their transparency must allow 
rays of light to penetrate from one portion of the layer to another. The 
bacillary layer was formerly regarded as a reflecting apparatus, having 
for its purpose to stop the further passage of light, and to intensify its 
influence on the true retina ; but since its connection with the proper 
nervous elements of the retina has been established, there seems much 
ground for believing (with Prof. Kblliker) that its rods and cones are 
the primary recipients of luminous impressions, and that they communi- 
cate their condition to the fibres of the optic nerve, by means of their 
own delicate fibrous prolongations, which seem to come into more or 
less direct connection with its ultimate ramifications. This supposition 
harmonizes well with the idea recently put-forth, that the obfiquify of 
the rods is such as to make them all point towards ‘ the centre of direc- 
tion’ of the visual rays (§ 610); and that it is through this instrumen- 
tality, that we are guided in our appreciation of the relative directions 
of different objects, as Articulated animals probably are by the impres- 
sions made on the individual ocelli of their compound eyes, since the 
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object whose rays pass-down any one of these, must always be in the 
direction of its axis.* * * § 

607. The limits of Human Viaon, as regards the minuteness of the 
objects of which it can take cognizance, have been investigated by 
Prof. Ehrenberg, with the view of calculating the ultimate power of the 
Microscope. t In opposition to the generally-received opinion, Ehren- 
berg arrived at the conclusion that, in regard to the extreme limits of 
vision, there is little difference amongst persons of ordinarily-good sight, 
whatever may be the focal distance of their eyes. The smallest square 
magnitude usually visible to the naked eye, either of white particles on 
a black ground, or of black upon a white or light-coloured ground, is 
about the 1 -405th of an inch. It is possible, by the greatest conden- 
sation of light, and excitement of the attention, to recognize magnitudes 
between the l-405th and l-540th of an inch, but without sharpness 
or certainty. Bodies which are smaller than these cannot be discerned 
with the naked eye when single, but may be seen when placed in a row. 
Particles which powerfully reflect light, however, may be distinctly seen, 
when not half the size of the least of the foregoing ; thus, gold dust J 
of the fineness of 1-1 125th of an inch, may be discerned with the naked 
eye in common daylight. The delicacy of vision is far greater for lines 
than for mere points; since opaque threads of 1 -4900th of an inch in 
diameter (about half the diameter of the Silk- worm’s fibre) may be dis- 
cerned with the naked eye, when held towards the light. The size of 
the retinal image in these cases must be exceedingly small. In some 
of Bergmann’s experiments it was found that black and white chequers 
of l-25th of an inch square could be discerned at such a distance that 
the retinal image of each square could not have exceeded half the diameter 
of one of the cones of the bacillary layer. § — The degree in which the 
attention is directed to them, has a great influence on the readiness with 
which very minute objects can be perceived ; and Ehrenberg remarks 
that there is a much greater difference amongst individuals in this re- 
spect, than there is in regard to the absolute limits of vision. Many 
persons can distinctly see such objects, when their situation is exactly 
pointed-out to them, who cannot otherwise distinguish them ; and the 
same is the case with persons of acuter perception, with respect to objects 
at distances greater than those at which they can see most clearly. I 
myself,” says Ehrenberg, cannot see l-2700th of an inch, black or 
white, at twelve inches’ distance ; but having found it at from four or 
five inches’ distance, I can remove it to twelve inches, and still see the 
object plainly.” Similar phenomena are well known in regard to a 
balloon or a faint star in a clear sky, or a ship in the horizon : we 
easily see them after they have been pointed-out to us ; but the faculty 
of readily descrying objects depends on the habit of using the eyes 
in search of them, and of attending to the sensory impressions thus re- 
ceived (§ 626). 

* See the very ingenious Essai sur les Phosphines,” by Dr. Serre, Paris, 1853. 

+ Taylor’s “ Scientific Memoirs,” vol. i. p. 676. See also Helmholtz, “ Physiolog. 
Optik.,” 1860. 

t Ehrenberg mentions that he obtained the finest particles of gold, by scraping gilt 
brass ; by filing pure gold, he always obtained much coarser particles. 

§ Henle and Meissner's ** Bericbt*” 1867, p. 659. 
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G08. The amount of light admitted to the Eye is regulated by the 
contraction and dilatation of the Pupil, the smallest diameter of which 
is about l~20th, and its largest about l-3rd of an inch. The muscular 
structure of the Human 


Iris is entirely of the 
non-striated kind, being 
composed of the elongated 
fibre-cells with slafF- 
shaped nuclei which are 
characteristic of that 



variety. Part of these 
are so disposed as to form 
a circular sphincter (Fig. 
135, a), which can 

be readily seen in the 
iris of the white rabbit, 
or in the blue iris of 
man from which the uvea 
has been removed, im- 
mediately surrounding 
the pupillary margin to 
the breadth of about one- 
third of a line. The 



fibres of this sphincter 

are not absolutely naral- Mumndar tfrucfure qfthe IriK of a White Rabbit: — a, sphincter 
, ^ ^ - of the pupil ; 6, 6, radiatinff fasciculi of dilator muscle ; c, e, con* 

lei, especially at the outer neotive tissue with its corpuscles. 

margin, where they seem 

to become continuous with those of the radiating fasciculi (5, />), which 
may be traced from this sphincter (though usually with difficulty) to the 
outer margin of the iris, sometimes anastomosing with each other in their 
course.* The contraction of the annular fibres, whereby the diameter 
of the pupil is diminished^ is effected, as already explained (§ 490), 
through the instrumentality of the Third pair of nerves ; the contraction 
of the radiating fibres, on the other hand, whereby the pupil is dilated^ 
is under the government of the cervical portion of the Sympathetic, being 
called-forth (as MM. Budge and Waller have shown f) by irritation of 
the trunk of the Sympathetic in the neck, or of the lower part of the 
cervical portion of the Spinal Cord, by the magneto-electric apparatus ; 
whilst section of the Sympathetic produces a permanent contraction of 
the pupil, the action of the Third pair being then no longer antagonized. 
It appears from other experiments, that the fibres through which this 
movement is effected, pass through the Gasserian ganglion, and are dis- 
tributed to the eye by the ophthalmic branch of the Fifth pair (§ 477). 
The contraction of the Pupil answers the purpose, as we have seen, not 
merely of excluding superfluous light from the eye, but also of cutting 
off the most divergent rays when the object is brought near the refract- 
ing surface (§ 603), and of thus preventing the indistinctness of vision 


* See Prof. Kblliker’s ‘^Mikroskopische Anatomie,” band ii. § 272; and Jos. J. 
lister’s ‘Observations on tbe Contractile Tissue of ^e Iris,’ in “Quart. Joum. of 
Microscop. Science,” vol. i, p. 8. 

+ “ Gazette M6dicale,” 1861, Nos. 41, 44. 
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wliich would result from their admission. For although, when the 
Eye is at rest, parallel [rays come to a focus on the Retina, divergent 
or convergent rays proceeding from any point come to a focus either 
behind or in front of that membrane, forming upon it what is termed 
a ‘^circle of dissipation”; but by cutting off the outermost rays and 
permitting the entrance of those only which are nearly parallel, the 
magnitude of such circles is materially diminished, and vision corre- 
spondingly improved. It is interesting to observe that contraction of 
the pupil is effected with greater rapidity than dilatation, a matter of 
some importance in sudden alternations from light to darkness. — M. 
Brown- S^quard* has shown that the Irides of various animals may be 
directly affected by Heat and Light. Thus if the eyes of dogs, cats, or 
rabbits, either soon after death or shortly after their removal from the 
body, be suddenly exposed to an alteration of temperature amounting to 
50° or 60° F., if the pupil be contracted, it expands, though on the 
contrary, if it be in the first instance dilated, it speedily contracts. These 
effects of heat have not been observed either in Man or the Mammalia 
during life. As regards the direct action of Light, Brown- S^quard found 
that the Irides of eels and frogs which had been removed for several (even 
sixteen) days from the body in winter, as well as the Irides of mammals 
and birds for a short time after death, contracted on exposure to the 
light of the sun or of a candle ; this effect being produced even when the 
posterior half of the eye had been cut off, and when, therefore, there 
could have been no reflex action. The yellow rays appeared to have 
the greatest energy. These remarkable phenomena prove, at all events, 
that the contraction of the pupil is not, as has occasionally been main- 
tained, exclusively due to vascular turgescence. The cause of the effect 
produced by Light is difficult to explain, but that occasioned by Heat 
may perhaps be attributed, as Brown-S^quard suggests, to the circum- 
stance that a contracted muscle has less power than one in a state of 
extension, so that if a stimulus act equally on both, when previously 
nicely balanced in point of strength, the uncontracted muscle will exert 
the greater force, and consequently overpower the contracted muscle. 

609. The sense of Vision depends, in the first place, on the excitement 
of our sensational consciousness by the ocular picture impressed upon the 
retina, which represents the outlines, lights and shades, colours, and 
relative positions of the objects before us ; and all the ideas respecting the 
real forms, distances, &c. of bodies, which we found upon these data, are 
derived through the perceptions, either instinctively or experientially 
suggested by sensations. Many of these ideas are derived through the 
combination, in our minds, of the Visual perceptions, with those derived 
from the sense of Touch. Thus, to take a most simple illustration, the 
idea of smoothness is one essentially tactile ; and yet it constantly occurs 
to us, on looking at a surface which reflects light in a particular manner. 
But if it were not for the association which experience leads us to form, 
of the connection between polish as seen by the eye, and smoothness as 
felt by the touchy we should not be able to determine, as we now can do, 
the existence of both these qualities, from an impression commimicated to 
UB through either sense singly. — The general fact that, in Man, the 
greater part of those notions of the external world, by which his actions 
* ** Journal de la Physiologie,** 1869, vol. ii. p. 294. 
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in the adult state are guided, are acquired by the gradual association of 
the two sets of perceptions derived through the Sight and through the 
Touch, is substantiated by amply-sufficient evidence ; this being chiefly 
derived from observations made upon persons born blind, to whom sight 
has been communicated by an operation, at a period of life wliich 
enabled them to give an accurate description of their sensations. The 
case recorded by Cheseldeh is one of the most interesting of these. The 
youth (about twelve years of age), for some time after tolerably-distinct 
vision had been obtained, saw everything flat as in a picture, simply 
receiving the consciousness of the impression made upon his retina ; and 
it was some time before he acquired the power of judging, by his sight, 
of the real forms and distances of the objects around him. An amusing 
anecdote recorded of him, shows the complete want which there is in 
Man, of any natural or intuitive connection between the ideas formed 
through visual and through tactile sensations. He was well acquainted 
with a Dog and a Cat by feeling^ but could not remember their respec- 
tive characters when he saw them ; and one day, when thus puzzled, he 
took up the Cat in his arms, and felt her attentively, so as to associate 
the two sets of ideas, and then, setting her down, said, “ So puss, I shall 
know you another time.” — A similar instance has come under the 
Author’s own knowledge ; but the subject of it was scarcely old enough 
to present phenomena so striking. One curious circumstance was re- 
marked of him, which fully confirms (if confirmation were wanting) the 
view here given. For some time after liis sight was tolerably clear, the 
lad preferred finding his way through his father’s house (to which he had 
been quite accustomed when blind) by touch rather than by sight, the 
use of the latter sense appearing to perplex instead of assisting him ; but, 
when learning a new locality, he employed his sight, and evidently per- 
ceived the increase of facility which he derived from it.* — The actions 
performed by many new-born animals do not constitute any valid 
objection to the view that such visual perce])tions are for the most 
part acquired by Man ; for all that is indicated by them is, that certain 
sensations give- rise to movements adapted to supply the wants to which 
they relate ; and they do not afford any proof that definite notions, such 
as we entertain, of the forms and properties of external objects, are pos- 
sessed by the animals which exhibit them. — ^We shall now examine, a 
little more in detail, into the means by which we gain such notions, and 
the data on which they are founded. 

610. The first point to be determined, is one which has been a fruitful 
source of discussion, — the cause of erect vision^ the picture upon the 
retina being inverted ; and with this is connected the general question 
of the origin of our Sense of Direction . — The difficulty which has been 
raised in regard to the former subject, is rather apparent than real; being 
founded on an erroneous notion of the nature of the Visual sense. For 
it seems to have been supposed that we look at the retinal picture with 
the ‘ mind’s eye,’ just as we look at the picture formed by a Camera with 
the bodily eye ; and that our consciousness must be therefore impressed 

* The question has been proposed, whether a person bom blind, who was able by the 
sense of Touch to distinguish a cube from a sphere, would, on suddenly obtaining his 
Sight, be able to distinguish them by the latter sense. This question was answer^ by 
Locke in the negative ; and, as appears from the facts above stated, with justice. 

T T 
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by its discordance with the information which we receive through our sense 
of Touch. Some philosophers, indeed, have actually gone so far as to assert 
that the Infant must at first see everything inverted, and that the erect- 
ness of visual objects is only learned by the corrective experience gained 
by touching and handling them. But such is clearly not the case ; for 
the visual perception is obviously not a mere transfer of the sensorial 
impression, but is a mental state excited hy ity and therefore related to it 
as an effect to its cause ; and we know no reason why it should be less 
natural for the^etinal picture to suggest to the mind the notion of erect 
position, than for it to have the contrary effect. Moreover, it will appear 
from recent investigations to be hereafter detailed (§ 624), that there is 
in the eye a common ‘ centre of direction,’ through which all lines must 
pass, that are drawn from any points of an external object to the corre- 
sponding points of its retinal image ;* and that we immediately refer the 
cause of the excitation of any spot of the retina by a luminous impression, 
to an objective source in the ‘ line of direction’ which passes from that spot 
through the centre of direction ; so that, in virtue of this ‘ law of visible 
direction,’ as all the lines of direction cross each other both vertically 
and laterally, the formation of an inverted image upon our retina suggests 
to our minds the representation of the object in its erect position, and 
the same reversal takes-place also in regard to its two sides, which are 
transposed in the retinal picture. A peculiar arrangement of the receptive 
apparatus, which seems to be subservient to this mental appreciation of 
direction, has been already noticed (§ 606). 

611. The cause of Single Vision with the two Eyes has, in like manner, 
been the subject of much discussion; and here, too, the difficulty is rather 
apparent than real, having for its foundation the idea that the mind 
looks at the two retinal pictures as at two separate objects, instead of 

being impressed by a certain state of the Sensorium, which may be 

excited tlirough the instrumentality of either eye, or through that of 
both in combination. Some have even asserted, under the influence of 
this idea, that we do not really employ both eyes simultaneously, but 
that the mind is affected by the image communicated by one only; which 
might seem to be confirmed by the fact sufficiently well ascertained 
respecting the alternate use of the two eyes, when they are looking 
through two differently-coloured media. But of this assertion a com- 
plete disproof is afforded by the knowledge we now possess (§ 612), that 
our appreciation of the solid forms of bodies depends on the combination, 
hy the Mindy of the images simultaneously suggested by the two pic- 
tures ; and that our knowledge of distances is in great part obtained in 

like manner. — Attempts have been made to explain the phenomena of 
Single Vision by the peculiar decussation of the Optic Nerves formerly 

* With regard to the precise situation of this ‘ centre of direction,* there is a want of 
accordance among those who have attempted to determine it ; some having placed it in 
the centre of the pupil, others in the centre of the crystalline lens, others at various 
distances between this and the centre of the globe, and others (among them Sir D. 
Brewster) in the centre of the globe. This last notion, with the ‘ law of visible direc- 
tion’ founded upon it, — which affirms that every object is seen in the direction of the 
perpendicular (or radius) to every point of the retina which is impressed, — is so mani- 
festly wrong, that it is difficult to conceive how it could ever have been entertained by 
men of science. The experimental investigations of Dr. Serre (§624) lead him to 
1 ‘egard the centre of the crystalline as the *■ centre of direction.* 
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described {§ 506); it being supposed that only one Optic Ganglion would 
be affected by an impression made upon both Retinse.’'^ This explanation, 
however, even supposing the fact to be as stated, would be far from 
affording the solution of the problem ; and it would be entirely inappli- 
cable to that very important series of phenomena to be next described, 
which show how large an amount of information we derive, not from the 
repetition^ but from the difference^ of the sensory impressions made by the 
same object upon our two retinse ; and which indicate that here, as in 
the case of erect vision, the mental interpretation of the^ensory impres • 
sions is a process altogether removed from the simple affection of the 
consciousness by those impressions, and is not to be accounted-for by 
any structural arrangements of the Sensorial apparatus. One condition 
of Single Vision, however, seems to be this, that the two images of the 
object should be formed on parts of the two retinse which are accustomed 
to act in concert; and hahit appears to be the chief means by which 
this conformity is produced. There can be no doubt, however, that 
double images are continually being conveyed to the Sensorium ; but 
that, from their want of tbrce and distinctness, and from the attention 
being fixed on something else, we do not take cognizance of them. This 
may be shown by a very simple experiment. If two fingers be held-up 
before the eyes, one in front of the other, and vision be directed to the 
more distant, so that it is seen singly, the nearer will appear double ; 
while, if the nearer one be regarded more particularly, so as to appear 
single, the more distant will be seen double. A little consideration will 
show, tlierefore, that our minds must be thus continually affected with 
sensations, which cannot be united into the idea of a single image ; since, 
whenever we direct the axes of our eyes towards any object, almost 
everything else will be represented to us as double ; but we do not ordi- 
narily perceive this, from our minds being fixed upon a clear and distinct 
image, and disregarding, therefore, the vague undefined images formed 
by objects not in the visual focus. Of this it is very easy to satisfy one’s- 
self. It has been found by Gehler, J. Muller, and others, that those 
objects which do not appear double when a given point is fixedly regarded 
are situated in a certain circular line, termed the Horopter, of which the 
chord is formed by the distance between the eyes, whilst the magnitude 
of the circle is determined by three points — namely, by the two eyes and 
the point towards which their axes converge. Prof. Helmholtz, however, 
considers that generally the Horopter is a line of double curvature, pro- 
duced by the intersection of two hyperboloids, or, exceptionally, of two 
plane curves ; and that when we look straight forward to a point of the 

* This decussation seems to be even more complete than was formerly supposed, for 
in various experiments made by Dr. Waller upon the effects of section of one optic 
nerve, it was found that the Optic Tract upon the same side as the lesion, showed no 
signs of degeneration, whilst that of the opposite side soon underwent disorganization 
with the exception of a few strands on the inner and posterior aspect ; thus counte* 
nancing the opinion that there are commissural fibres passing between the corpora 
quadrigemina of the two sides, but negativing the view that some of the fibres from each 
retina run to the coi-pora quadrigemina on their own side. Dr. Waller is inclined to 
think, therefore, that the decussation is complete. It is important to ol^rve, that in 
these experiments the anterior portion of the divided nerve, with the retinal elements, 
remained unchanged for many weeks. See ‘‘Proceedings of the Royal Society,” 
vol. viii. On the other hand, the reader may refer to some curious cases of partial 
Amaurosis recorded by Mr. Towne in the “Guy’s Hospital Reports” for 1868, p. 127. 
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horizon, the Horopter becomes a horizontal plane passing through our 
feet — ^being, in fact, the ground on which we are standing. The form 
and situation of the Horopter appear to be of great practical import- 
ance in enabling us to judge with accuracy of the shape and distance of 
those objects which are situated in it.* — The above experiment, more- 
over, makes it evident that double vision cannot result from want of 
symmetry in the position of the images upon the retina, to which some 
have attributed it ; for it answers equally well, if the line of the two 
fingers be precifely in front of the nose, so that the inclination of both 
eyes towards either object is equal ; the position of the images of the 
second object must then be at the same distance on either side from the 
central line of the retina, and yet they are represented to the mind as 
double. Hence, too, it seems clear that singleness of vision in an object 
that is looked-at^ is also dependent in part upon the convergence of the optic 
axes in that object (§ 603); and that this is the case appears further from 
a curious experiment devised by Prof. Wheatstone, in which two similar 
objects are made to seem as one, when they are placed in the line of con- 
vergence. This is accomplished by looking through two tubes, placed 
before the right and left eyes respectively, at two similar objects of any 
description, placed near the farther extremities of the tubes ; if, now, 
these objects be slightly approximated, so that the axes of the tubes 
(still directed towards them) meet in a point beyond, the mind is 
impressed with the image of only a single object, and this appears to be 
removed-back to the point of convergence. 

612. On the mode in which our notion of the solid forms and relative 
projection of objects is acquired, great light has been thrown by the 
interesting exj^eriments of Prof. Wlieatstone.f It seems perfectly evident, 
both from reason and experience, that the flat picture upon the retina, 
which is the immediate source of our sensation, could not itself convey 
to our minds any notion, but that of a corresponding plane surface. In 
fact, any notion of solidity^ which might be formed by a person who had 
never had the use of more than one eye, would entirely depend upon the 
combination of his visual and tactile sensations. This view is fiilly con- 
firmed by the case already referred-to (§ 609), as recorded by Cheselden. 
The first visual idea entertained by the youth was, that the objects around 
him formed a fiat surface, which touched his eyes, as they had previously 
been in contact with his hands; and after this notion had been corrected, 
through the education of his sight by his touch, he fell into the converse 
error of supposing that a picture, which was shown to him, was the 
object itself represented in relief on a small scale. — But where both eyes 
are employed, it has been ascertained by Prof. Wheatstone, that they 
concur in exciting the perception of solidity or projection, which arises 
from the mental combination of the two dissimilar pictures formed upon 
the two retinae. It is easily shown, that any near object is seen in two 
different modes by the two eyes. Thus let the reader hold-up a thin 
book, in such a manner that its back shall be exactly in front of his nose, 
and at a moderate distance from it ; he will observe, by closing first one 

* See Muller’s “Physiology,” translated by Dr. Baly, vol. ii. p. 1196; also the 
Croonian Lecture for 1864, delivered before the Eoyal Society, by Professor 
Helmholtz, in voL xiii. of the “ Proceedings of the Royal Society.” 

t “Philosophical Transactions,” 1838 and 1852. 
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eye and then the other, that his perspective view of it (or the manner in 
which he would represent it on a plane surface) is very different, accord- 
ing to the eye with which he sees it. With the right eye he will see its 
right side, very much fore-shortened ; with the left, he will gain a corre- 
sponding view of the left side ; and the apparent angles, and the lengths 
of the different lines, will be found to be very different in the two 
views. On looking at either of these views singly, no other notion 
of solidity can be acquired from it, than that to which the mind is 
conducted, by the association of such a view with the touch of the 
object which it represents. But it is capable of proof, that the mental 
association of the different pictures upon the two retinEc, does of itself 
give rise to the idea of solidity. This proof is afforded by Prof. Wheat- 
stone’s ingenious instrument, the Stereoscope, first described by him in 
1838 .* 

613. The Stereoscope in its original form essentially consists of two 
plane mirrors, inclined with their backs to one anotlu'r at an angle of 
90°. If two perspective drawings of any solid object, as seen at a given 
distance with the two eyes respectively, such as those at a and b, 
Fig. 136, be so placed before these mirrors, one before each, that their 


Fin. 136. 



two images shall be made to fall upon the corresponding parts ot‘ the two 
retinae, in the same manner as the two images formed by the solid object 

* Various modifications of this instrument bare been subsequently introduced ; and 
there is one which has recently (ISfil) come into very extensive use, in which the two 
monocular pictures placed side by side, as in Figs. 136, 137, are viewed by the two eyes 
respectively through two halves of a convex lens. The great advantage of this instru* 
ment is its portability, and its enl.irgement of the pictures by the magnifying power of 
the lenses ; but it is limited to pictures of small size, since the distance between cor- 
responding points of the two pictuies must not exceed the distance between the centres 
of the two eyes ; and it is incapable of many adaptations which can be made with the 
mirror- stereoscope. — In the Stereomonoscope of Claudet the idea of relief is obtained 
by looking with both eyes at once on a ground-glass plate at the image produced by the 
coalescence of the two images of a stereoscopic slide, each refracted by a separate lens. 
See “Proceed, of Royal Society,” vol. ix. 1867-59, p. 194. 
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itself would have done, the mind will perceive, not a single representa- 
tion of the object, nor a confused blending of the two, but a projecting or 
receding surface, the exact coimterpart of that from which the drawmgs 
were made * The solid form is forcibly impressed on the mind, even 
when outlines only are given, especially if these be delineations of simple 
geometrical figures, easily suggested to the mind ; and it may be readily 
shown that the very same outlines will suggest different conceptions, 
according to the mode in which they are placed Thus in Fig 137, the 

Fig 137 


A B 



upper pair of figures. A, b, when combined in the Stereoscope, excite the 
idea of a projecting truncated pyramid, with the small square in the centre^ 
and the four sides sloping equally away from it , whilst the lower pair 
of figures, c, d, which are the same as the upper, but transferred to the 
opposite sides, no less vividly bring before the mind the visual conception 
of a receding pyramid, still with the small square in the centre, and the 
four sides sloping equally towards it — Prof Wheatstone has further 
shown, by means of the Stereoscope, that similar images, differing to a 
certain extent in magnitude, when presented to the corresponding parts 
of the two retinse, give-rise to the perception of a single object, inter- 
mediate in size between the two monocular pictures Were it not for 
this, objects would appear single only when at an equal distance A)m 
both eyes, so that their pictures upon the retina are of the same size ; 
which will not happen unless they are directly in front of the median 
Ime of the face Again, if pictures of dissimilar objects be simultaneously 
presented to the two eyes, the consequence will be similar to that which 

* The most striking effect is produced by two Photographic pictures, taken at the 
same time by two cameras, so placed that their axes shall form the same angle with 
each other as that which the axes of the two eyes would form when looking at the same 
object. This adaptation, though the credit has been assumed by others, was originally 
devised by Prof. Wheatstors 
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is experienced when the rays come to the eye through two differently 
coloured media; the two images do not coalesce, nor do they appear 
permanently superposed one upon the other ; but at one time one image 
predominates to the exclusion of the other, and then the other is seen 
alone ; and it is only at the moment of change that the two seem to be 
intermingled. It does not appear to be in the power of the Will, Prof. 
Wheatstone remarks, to determine the appearance of either ; but if one 
picture be more illuminated than the other, it will be seen during a 
larger portion of the time. If, however, the differences in the two^ 
pictures be such that the Mind can reconcile them, an intei'mediate con- 
ception is formed ; thus if two photographic portraits be taken at the 
proper angle for the Stereoscope, not simultaneously but consecutively, 
and the ‘ sitter ’ alter his expression in the interval, so that one of the 
portraits represents him with a smile, and the other with a frown, the 
Stereoscopic image will present an intermediate expression of placidity. — 
Many other curious experiments with this simple instrument are related 
by Prof. Wheatstone ; and they all go to confirm the general conclusion, 
that the combination of the dissimilar images furnished by the two eyes 
is a mental act, the resultant of which, in the case of all objects that are 
near enough to be seen in different perspective with the two eyes, is 
a mental image (referred to the visual sense) possessing the attributes of 
solidity and projection. In regard to distant objects, however, the dif- 
ference in the images formed by the two eyes is so slight, that it cannot 
aid in the determination ; and hence it is, that whilst we have no difficulty 
in distinguishing a picture, however well painted, from a solid object, 
when placed near our eyes (since the idea which might be suggested by 
the image formed on one eye will then be corrected by the other),^ we 
are very liable to be misled by a delineation in which the perspective, 
light and shade, &c., are faithfully depicted, if we are placed at a distance 
from it, and are prevented from perceiving that it is hut a picture.f In 
this case, however, a slight movement of the head is sufficient to undeceive 
us ; since by this movement a great change would be occasioned in the 
perspective view of the object, supposing it to possess an uneven surface ; 
whilst it scarcely affects the image formed by a picture. In the same 
manner, a person who only possesses one eye, may obtain, by a slight 
motion of his head, the same idea of the form of a body which another 
would acquire by the simultaneous use of his two eyes.J 

614. Our appreciation of the relative Distances o1l near objects seems 
to be derived in like manner from the mental combination of the percep- 
tions derived from the dissimilar pictures upon the two retime, assisted 
by the sensations derived from the muscles of the eyeballs, which are put 

* It is a remarkable illustration of this principle, that a photographic representation 
of a landscape, building, &c., when viewed with one eye at a moderate distance, fre- 
quently brings the real scene far more forcibly before the mental vision than when it is 
looked-at with both eyes ; since, in the latter case, the mind cannot avoid perceiving 
the flatness of its surface ; whilst, in the former, the perspective, and the distribution 
of the lights and shadows, are free to suggest to the mind the relative distances and 
projections of the several parts. 

t This delusion has b^n extremely complete, in some of those who have seen the 
panoramic view of London in the Colosseum. A lively and interesting account of it is 
given in the Journal of the Parsee Shipbuilders, who visited England some years ago. 

t For many interestmg experiments with the stereoscope, see Mr. T. Towne in 
** Guy's Hospital Eeports” for 1862 and 1863. 



648 OF THE ORGANS OF THE SENSES, AND THEIR FUNCTIONS. 

in action to bring the optic axes into the requisite convergence. How 
much our right estimation of the relative distances of objects not too far 
removed from the eye, depends upon the joint use of both eyes^ is made 
evident by the fact, that, if we close one eye, we find ourselves unable 
to execute with certainty many actions (such as threading a needle, or- 
snuffing a candle) which require its guidance. In proportion as the 
object is approximated to the eyes, slight differences of distance produce 
marked differences in the degree of convergence, and these are readily 
appreciated so as to afford the means of very nice discrimination ; whilst, 
on the other hand, in proportion as they are removed further and further, 
do the optic axes approach parallelism, and the power of appreciating 
differences of distance is lost. It is the usual opinion that tlie muscular 
sensation which accompanies the inclination of the optic axes, immediately 
suggests the notion of the distance of an object ; and that our appreciation 
of its size depends upon a secondary interpretation of the magnitude of 
its picture on the retina, on the basis of this notion. But it would appear 
from the experiments of Prof. Wheatstone, that the reverse is the case ; 
the sensation of convergence assisting in the first instance to determine 
the size, and the appreciation of distance being a secondary judgment 
based on this foundation (§ 617). — The power of estimating distance from 
the foregoing data, however, is obviously, in Man, not an intuitive but 
an acquired endowment ; for it is evident to any observer, that infants, 
or older persons who have but recently acquired sight, form very im- 
perfect ideas respecting the distance of objects; their attempts to grasp 
bodies which attract their attention being for a long time unsuccessful, so 
that they only gradually learn to measure distances by the sight, througli 
the medium of the touch. And it seems to follow from this, that even 
the notion of ^ projection,’ which we seem necessarily to form when looking 
at a solid object within a moderate distance, or at a properly-adjusted 
pair of Stereoscopic pictures, is not derived from an original intuition, but 
is the result of the association of our visual with our tactile experience, 
very early in life, so as to constitute a ‘secondary intuition’ on which all 
our subsequent appreciation of projection is based. 

616. In regard to remote objects, our judgment of Distance is chiefly 
founded upon their apparent size, if their actual size be known to us ; 
but, if this be not the case, and if we are so situated that we cannot judge 
of the intervening space, we principally form our estimate from that effect 
of different degrees of remoteness upon the distinctness of their colour and 
outline, which is known to Artists as ‘ aerial perspective.’ Hence this 
estimate is liable to be greatly affected by varying states of the atmosphere, 
as is particularly known to every one who has visited warmer climates ; 
where the extreme clearness of the air sometimes brings into apparently- 
near proximity a hill that rises some miles beyond a neighbouring ridge 
(the intervening space being hidden, so as not to afford any datum for 
the estimate of the distance of the remote hill), whilst a slight haziness 
carries its apparent distance to three or four times the reality. Addi- 
tional means of judging of the distance of remote objects pointed-out by 
Aubert,* are found in their parallax or apparent change of place, on the 
alteration of our own position with regard to them, and in the rate of 


* “Physiologie der Netzhaut,” 1864, p. 17. 
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movement, both absolute and relative^ of the objects themselves, if they 
happen to be in motion. 

616. Our estimate of the Size of a remote object is partly dependent 
upon the visual angle under which we see it, and partly upon our estimate 
of its distance."*^ The ‘ visual angle,’ formed by imaginary lines drawn 
from the eye (Fig. 138, a) to the extreme points, b, c, of the object, is 

Fig. 138. 



the measure of the dimension of its image upon tlie retina ; and it is 
obvious tliat, if two objects, b c, d e, the Ibrmcr twice the length of 
the latter, be placed at the same distance, the visual angle b a c being 
twice as great as the angle d a e, the image of b c upon the retina will be 
twice as long as that of d e, and the mind will estimate their relative 
sizes accordingly. But if the distance of the object D e from the eye be 
diminished to one-half, so that it is brought into the position F G, its 
visual angle, and consequently the size of its image on the retina, will 
now be equal to tliat of b c ; and the estimate we form of the relative 
sizes of the two, will entirely depend upon the idea we entertain of their 
relative distances. Hence any circumstance which modifies that idea, 
produces a corresponding difference in our estimate of their size ; so that 
the apparent size of an object, seen under a given visual angle, may be 
estimated as larger or smaller than the reality, according as wc suppose 
it to be more or less distant than it really is. Of this we have a familiar 
instance in the fact, that if we meet a child whilst we are walking across 
a common in a fog (the flatness of the ground not giving us much power 

♦ When objects are so remote that we have no means of even approximately estimat- 
ing their distance , we have no measure whatever of their size. Thus, the Sun and the 
Moon are of nearly the same apparent size to us, though one is about four hundred 
times the distance of the other ; and we may cover either disc with a sixpence held 
near the eye, so as to be seen under the same visual angle ; hut we do not possess the 
least power of estimating the actual sizes of these objects, save by a calculation based 
on a knowledge of their relative distances. 
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of estimating the intervening space), it appears to have the stature of a 
man, and a man seems like a giant ; for the indistinctness of outline 
causes the mind to conceive of the figures as at a greater distance than 
they really are, and their apparent dimensions are augmented in like 
proportion. For if the object f g (Fig. 138) be mentally carried-hack to 
the distance of D e, being still seen imder the visual angle f a G (or B a c), 
it will appear to possess the length b c instead of D e. On the other 
hand, if the object b c were to be mentally hrought-forward into the 
position K L, its apparent size being still determined by its visual angle, 
it will seem to be reduced to the length f g. 

617. That our estimate of the Size of near objects, however, depends 
upon a more direct process, seems to be a necessary inference from the 
following very ingenious experiments, made by Prof. Wheatstone with a 
modification of his Mirror- Stereoscope, devised for separately testing the 
influence of the two conditions, — namely, the magnitude of the retinal 
picture, and the degree of convergence of the optic axes, — which are 
ordinarily in action together. When an object is moved nearer- to or 
farther-from the eye, its perceived or estimated magnitude undergoes no 
change. But if two pictures, placed in the mirror-stereoscope, be made 
to move to and from the mirrors, in such a manner as to vary their 
distances from these (and therefore from the eyes), without altering the 
angle of convergence, their perceived magnitudes are augmented and 
reduced, in precise proportion to the increased and diminished sizes of the 
retinal pictures. Conversely, if the two pictures be made so to change 
their places in regard to the mirrors (by moving in a horizontal circle, 
of which the middle-point between the mirrors is the centre), that the 
angle of convergence is increased or diminished, as it would be if the object 
were brought nearer to the eyes or removed farther from them, the per- 
ceived magnitude of the pictures is altered in an inverse manner ; being 
reduced when the angle of convergence is increased, and increased when 
the inclination of the optic axes is lessened so as to approach parallelism. 
Thus it appears that the absence of alteration in the perceived magnitude 
of an object as ordinarily seen at varying distances, is the result of the 
inverse action of these two kinds of suggestion ; for the enlargement of 
the retinal picture, when acting alone, occasions an increase in the per- 
ceived magnitude, whilst an increase of convergence, taking-place by 
itself, diminishes the perceived magnitude ; and thus, as these alterations 
occur simultaneously when an object is approximated to the eye, its 
dimensions seem to undergo no change ; as will also be the case when, by 
the removal of the object to a greater distance, these conditions are again 
made to vary simultaneously, though in a contrary direction. — It may 
further be remarked, that in the first of the foregoing experiments, the 
picture whose perceived magnitude is undergoing enlargement or dimi- 
nution in consequence of the alteration of its retinal magnitude, seems 
evidently to be approaching or receding ; yet if we fix our attention on 
it when it is stationary, at any instant, it appears to be at the same dis- 
tance at one time as at another, — ^the effect being very much like that of 
the Phantasmagoria, in which the alteration in the size of the images on 
the screen suggests the notion of their approach or recession, although we 
are quite sensible that the distance of tiie screen from our eyes remains 
constantly the same. In the second experiment, on the other hand, the 
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picture whose perceived magnitude is imdergoing diminution or enlarge- 
ment in consequence of increase or lessening of ^e angle of convergence, 
does not appear either to approach or recede, and yet, when attentively 
regarded in different fixed positions, it is felt to be at different distances. 
Hence, as Prof. Wheatstone observes, convergence of the optic axes 
suggests fixed distance to the mind, whilst variations of retinal magnitude 
suggest change of distance ; and, however paradoxical it may seem, “ we 
may perceive an object approach or recede, without appearing to change 
its distance, and an object to be at a different distance without appearing 
to approach or recede.”* — A like alteration in apparent size is produced, 
when two pairs of figures (such as those given in Fig. 1 37), the effect of one 
of which is to suggest a projecAing^ and that of the other a receding form, 
are viewed at the same time in the ordinary Stereoscope. For it will b6 
observed that the relative size of the parts which appear to project is 
reduced, whilst that of the apparently -receding parts is augmented ; as is 
particularly the case with the square truncated end of the pyramid, which 
is estimated by most persons as from one-third to one-half larger in each 
of its dimensions in the receding, than it is in the projecting pyramid, 
notwithstanding that the actual sizes of the squares in the two sets of 
figures are precisely the same. For supposing H i (Fig. 1 38) to represent the 
real side of one of the small squares, which becomes the truncated end of 
the pyramid ; when this is brought-forward by the mind into the position 
K L, as the truncated top of a projecting pyramid, being seen under the 
visual angle H A i, its apparent size is reduced to f g ; whilst, on the 
other hand, the very same square, carried-back by the mind to the dis- 
tance D E, as when it forms the truncated end of the receding pyramid, 
is mentally enlarged to the dimensions b c, the visual angle bag being 
the same as h a i. 

618. The large share which the Mind has in the interpretation of even 
such visual impressions as seem to us necessarily to induce particular 
perceptions, is further shown by a very remarkable class of phenomena, 
termed by Prof. Wheatstone (their discoverer) Conversions of Relief. 
The simplest example of this class is presented by the alteration in the 
visual product of the same Stereoscopic pictures, when their positions are 
transposed. Thus the very same diagrams, which, as placed in the upper 
part of Fig. 137, bring before the mind’s eye the conception of a pro- 
jecting pyramid, when changed to the position which they occupy in the 
lower part of that figure, call-up the image of a receding pyramid. And 
a corresponding efiect is produced by the reversal of any other pair of 
Stereoscopic pictures ; all that should project being made to recede, all 
that should recede being made to project, provided the converse has any 
meaning which the Mind can readily appreciate. — But the same effects 
may be produced, if the objects themselves are looked-at by an instru- 
ment devised by Prof. Wheatstone, and termed by him the Pseudoscope ; 
the optical effect of which is, to reverse the ordinary visual relations 
between the near and distant parts of an object ; the two conditions 
described in the preceding paragraph being combined inversely, bo that, 

* See “Philos. Transact.,” 1852, pp. 2-5. The Author thinks it well to add, that 
he has himself verified the above very curious results ; which are scarcely less Taluable 
contributions to the Physioloj-y of Binocular vision, than those earlier attained by the 
some eminent experimentalist. 
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as an object or part of an object is nearer the eye, its larger picture on 
the retina is accompanied by a diminished convergence of the optic axes. 
When the impression of a seal is looked-at with this instrument, it is 
converted into the representation of the seal itself ; or, if the seal be 
looked-at, it presents the figure raised in relief, as in its ordinary im- 
pression. So, the inside of a cup or basin appears as a solid convex body ; 
whilst the outside appears depressed and concave. A bust regarded in 
front becomes a deep hollow mask ; whilst the interior of the cast of a 
face presents the appearance of the face in its ordinary relief. A china 
vase, ornamented with coloured flowers in relief, seems like a vertical 
section of the interior of such a vase, with hollow impressions of the 
flowers. The base of a brain seems concave, like the interior of the base 
<5f the skull which is its reflex ; and the latter seems convex and pro- 
jecting, like the base of the brain. — These and similar appearances are 
not always immediately perceived ; and some present themselves much 
more readily than others. Those converse forms which we are accustomed 
actually to see, or which have a meaning that the mind can easily appre- 
hend, are those which are most readily perceived. Thus, the illusion 
which may be produced with a bust or with the cast of a face, is not 
obtainable even by a lengthened pseudoscoj)ic contemplation of the 
real face, which we cannot conceive-of as thus ‘ turned inside-out.’ 
Another very interesting fact is, that those to whom the illusion does 
not at first jiresent itself, usually find it suddenly come upon them after 
a little time, especially if they should have directed their minds to the 
imaginary conception of the object under its changed aspect. And, 
further, when the conversion has taken .place, the natural aspect of the 
object continues to intrude itself, sometimes suddenly, sometimes gradually, 
and for a longer or shorter interval, when the converse will again succeed 
it. This is due to the involuntary alternation of the attention, between 
the conception suggested to the mind by the visual impressions derived 
from both eyes, and that which is derived from either eye singly; 
the latter, moreover, harmonizing- with and being strengthened-by our 
recollection of the object as we have seen it before, or (if it be new to us) 
by our notion of its natural appearance. 

619. The persistence^ during a certain interval, of impressions made 
upon the retina^ gives-rise to a number of curious visual phenomena, 
which can be here only briefly adverted-to. The prolongation of the 
impression will be governed, in part, by its previous duration : thus, 
when we rapidly move an ignited point through a circle, the impression 
itself is momentary, and remains but for a short period ; whilst, if we 
have been for some time looking at a window, and then close our eyes, 
the impression of the dark bars traversing the illuminated space is pre- 
served for several seconds. One of the results of this persistence is the 
combination, into a single image, of two or more objects presented to 
the eye in successive movements ; but these must be of a kind which 
can be united, otherwise a confused picture is produced. Thus in a 
little toy, called the Thaumatrope, which was introduced some years 
ago, the two objects were painted on the opposite sides of a card, — a 
bird, for instance, on one, and a cage on the other ; and, when the card 
was made (by twisting a pair of strings) to revolve about one of its 
diameters, in such a manner as to be alternately presenting the two sides 
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to the eye at minute intervals, the two pictures were blended, the bird 
being seen in the cage. A far more curious illusion, however, was that 
first brought into notice by Prof. Faraday; who showed that, if two 
toothed wheels, placed one behind the other, be made to revolve with 
equal velocity, a stationary spectrum will be seen; whilst if one be made 
to revolve more rapidly than the other, or the number of teeth be dif- 
ferent, the spectrum also will revolve. The same takes-place when a 
single wheel is made to revolve before a mirror, the wheel and its image 
answering the purpose of the two wheels in the former case. On this 
principle, a number of very ingenious toys have been constructed ; in 
some of these, the same figure or object is seen in a variety of positions ; 
and the successive impressions, passing rapidly before the eye, give-rise 
by their combination to the idea that the object is itself moving through 
these positions.* — It is interesting to remark, moreover, that when the 
eye has been for some time contemplating an object in motion, and is 
then directed towards stationary objects, these appear for a short time to 
have a like movement. Any rail-road traveller may try this simple 
experiment, by first looking at the hedges, &c. which he is rapidly 
passing, and then at some part of the interior of the carriage itself, espe- 
cially one which presents a series of parallel lines. But when the im- 
pression of movement has been of longer duration, its eifects are less 
transient ; thus, a person who has been for some time on board ship, sees 
the floors, walls, and ceilings of his apartments on shore in a state of con- 
tinual up-and-down motion, even for some days after he has landed. This 
would seem to be rather a sensorial than a retinal phenomenon. 

620. Wlien the Retina has been exposed for some time to a strong 
impression of some particular kind, it seems less susceptible of feebler 
impressions of the same kind. Thus, if wo look at any brightly 
luminous object, and then turn our eyes on a sheet of white paper, we 
shall perceive a dark spot upon it ; the portion of the retina which had 
been affected by the bright image, not being able to receive an impression 
from the fainter rays reflected by the pa])er. The dark spectrum does 
not at once disappear, but assumes different colours in succession, — these 
being expressions of the states through which the retina is passing, in its 
transition to the natural condition. If the eye has received a strong 
impression from a coloured object, the spectrum exhibits the complemen- 
tary colour ;f thus, if the eye be fixed for any length of time upon a 
bright red spot on a white ground, and be then suddenly turned so as to 

* A very beautiful * philosophical toy’ was shown to the Author some years since, by 
its inventor, Mr. Roberts, the celebrated machinist of Manchester ; consisting in an appa- 
ratus by which it was made possible to read words printed on a card, although^ the card 
itself was made to revolve on its axis even 40,000 times in a minute. The principle of 
its construction was simply this, — that the eye caught a succession of glimpses of the 
card, through a narrow slit before which a disk with a single corresponding perforation 
was made to revolve ; the rate of movement of this disk being so adjusted to that of the 
card, that whenever the eye caught sight of the latter, it was moirienta/nly in the sme 
position, so that, by the succession of transient impressions thus made upon the retina, 
the words print^ on the card could be distinctly read. 

f By the * complementary’ colour is meant that which would be required to make 
white or colourless light, when mixed with the original : thus red is the complement 
of green (which may be made by mixing yellow and blue) ; blue is the complement of 
orange (red and yellow) ; and yellow of purple (red and blue) ; and vice vend in all 
instances. 
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rest upon the white surface, we see a spectrum of a green colour. — ^The 
same explanation applies to the curious phenomenon of ‘coloured shadows.’ 
It may not unfrequently be observed at sunset, that, when the light of 
the sun acquires a bright orange colour from the clouds through which 
it passes, the shadows cast by it have a blue tint. Again, in a room with 
red curtains, the light which passes through these produces green shadows. 
In both instances, a strong impression of one colour is made on the 
general surface of the retina ; and at any particular spots, therefore, at 
which the light is colourless but very faint, that colour is not perceived, 
its complement only being visible. The correctness of this explanation 
is proved by the fact, that, if the shadow be viewed through a tube, in 
such a manner that the coloured ground is excluded, it seems like an 
ordinary shadow. It is not unlikely that, as Muller suggests, the pre- 
dominant action of one colour on the retina disturbs (as it were) the 
equilibrium of its condition, and excites in it a tendency to the develop- 
ment of a state corresponding to that which is produced by the impression 
of the complementary colour; for the latter is perceived, as he remarks, 
even where it does not exist ; as when the eye, after receiving a strong 
impression from a coloured spot, and being directed upon a completely 
dark surface or into a dark cavity, still perceives the spectrum. This 
change, indeed, extends beyond the spot on which the impression is made 
(§ 622) ; for, as is well known to Artists, the sensory impression pro- 
duced by any colour is greatly affected by neighbouring hues. Thus, if 
four strips of coloured paper, or any other fabric, a, b, c, d, — two of 
them. A, B, of one colour {e,g. red), and the other two, c, D, of some dif- 
ferent colour (e.g. blue), — be laid side-by-side at intervals of about half 
an inch, the hues of the two central strips b, c, will be decidedly modified 
by each other’s proximity, each approximating to the hue of the com- 
plementary colour of the other ; so that instead of 

A B C D 

red red blue blue, 

we shall see 

A B C D 

red orange-red greenish-blue blue. 

621. Upon the properties of the Eye in regard to Colour, are founded 
the laws of harmonious colouring, which have an obvious analogy with 
those of musical harmony. All complementary colours have an agreeable 
effect when judiciously disposed in combination ; and all bright colours, 
which are not complementary, have a disagreeable effect, if they are pre- 
dominant : this is especially the case in regard to the simple colours, 
strong combinations of any two of which, without any colour that is com- 
plementary to either of them, are extremely offensive. Painters who are 
ignorant of these laws, introduce a large quantity of dull grey into their 
pictures, in order to diminish the glaring effects which they would 
otherwise produce; but this benefit is obtained by a sacrifice of the vivid- 
ness and force, which may be secured in combination with the richest 
harmony, by a proper attention to physiological principles.* — Some 

* This subject has been most carefully and elaborately investigated by M. Chevreul ; 
whose recent Treatise on Colours has inmost exhausted the inquiry into the mode in 
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persons whose visual powers are excellent in every other respect, are more 
or less deficient in the power of discriminating colours. This defect (which 
is now commonly known as *■ Daltonism,’ from the name of the dis- 
tinguished philosopher who was himself tlie subject of it) may be so com- 
plete, that nothing can be perceived save dilFerent degrees of light and 
shadow ; more commonly, however, it exists only with regard to par- 
ticular colours, especially such as have a complementary relation to one 
another, so that persons thus affected are unable {e.g.') to distinguish ripe 
cherries among the leaves of the tree, save by their form ; whilst in some 
individuals it does no more than confuse colours that are nearly related, 
such as green and blue, especially when they are seen by artificial light. 
Whether its scat be in the nervous apparatus of the Eye, or in the Sen- 
sorium, cannot be positively determined ; but the latter seems the most 
probable supposition.* 

622. The impressions made by luminous objects upon the Retina are 
not precisely confined to the spots upon which their rays impinge, but 
extend themselves to a greater or less distance around ; which phe- 
nomenon has been termed irradiation. Thus if we make a circular white 
spot upon a black ground, and a black spot of precisely the same dimen- 
sions upon a white ground, the former will seem to be considerably 
larger than tlie latter ; apparently because the excitation of the retina by 
the luminous impression tends to spread itself in each case over the 
adjacent non-excited space. Hence it is that wo are able to distinguish 
any small magnitudes, such as letters or the lines of a diagram, at a much 
greater distance when they are marked in white on a black ground, than 
when inscribed in black upon a white ground. Another curious case of 
the same kind has been noticed by Sir D. Brewster. f “ If we shut one 
eye, and direct the other to any fixed point, such as the head of a pin, we 
shall see indistinctly all other objects within the sphere of vision. Let 
one of these objects thus indistinctly seen, be a strip of white paper or a 
pen lying on a green cloth. Then, after a short time, the strip of paper, 
or the pen, will disappear altogether, as if it were entirely removed ; the 
impression of the green cloth upon the surrounding parts of the retina, 
extending over that part of it which the image of the pen occupied. In 
a short time the vanished image will re-appear, and again vanish ; when 
both eyes are open, the very same effect takes place, but not so readily 
as with one eye. If the object seen indistinctly is a black stripe on a 
white ground, it will vanish in a similar manner. When the object seen 
obliquely is luminous, such as a candle, it will never vanish entirely, 
unless its light is much weakened by being placed at a great distance ; 
but it swells and contracts, and is encircled by a nebulous halo.” 

623. The power of receiving and transmitting visual impressions is by 
no means uniformly diffused over the entire Retina. In the whole field 

which the Visual sense of Man is affected by them. For a general view of the nature 
and attributes of Light, see Art. ‘ Light/ by Sir J. Herschel, in the last edition of the 

Encyclopsedia Metropolitana.” 

* See especially the Memoir of Prof. Seebeck, in “ Poggendorff *s Annalen,” band xlii, 
(1837); that of Prof. Wartmann in “Taylor’s Scientific Memoirs,” vol. iv. p. 156 ; 
Mr. Pole’s c^ recorded in the “ Proceedings of the Royal Society,” 1866--57, vol. viii. 
p. 172, and the interesting commentary upon it by Sir J. Herschel, in idem, vol. x. 
p. 72. 

t ‘Treatise on Optics,’ in Lardner’s “ Cyclopjedia,” p. 296. 
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of vision which at any time lies before us, we only see with perfect dis- 
tinctness that part to which the axes of our eyes are directed, and of which 
the image, therefore, is formed upon the ‘yellow spot' (§ 606). Never- 
theless we have a sufficiently dietinct perception of the remainder of the 
field, to enable us to judge of the relations of the objects which are dis- 
tinctly seen to those which surround them ; and the mobility of our eyes 
enables us, under the guidance of our visual sense (§ 529), to direct the 
most sensitive spot of the retina to every part of the field in succession, 
not only without effort, but even almost without the consciousness that 
we are doing so. — Generally speaking, the indistinctness of vision for 
objects seen out of the axis of the eye, increases with the distance of their 
images from the central point ; or, in other words, the impressibility of 
the several parts of the retina diminishes, according to their distance from 
the ‘ yellow spot.’ For a small space around it, however, the vision is 
tolerably accurate, and the extent of this circle of clear ‘ indirect vision,’ 
as it is termed, varies in different people; Volkmann, for instance, can 
read an entire word by the light of a single electrical spark, and must 
therefore have instantaneously a direct and perfect perception of every 
part of it, whilst by others only a letter or two can be distinguished. It 
appears also from the experiments of Aubert and Forster,* and of Hey- 
mann,! that when the Eye is accommodated for near objects, the limits 
of clear lateral perception are increased, or at least that tlie perceptibility 
of that circle is intensified ; so that of two objects which throw images of 
equal size on the Retina, the smaller and more approximated one is dis- 
tinctly perceived at a greater distance from the yellow spot than the 
larger and more distant object. But there is one part of the retinal 
surface, namely, the seat of entrance of the Optic Nerve, which is remark- 
able for its imperfect receptivity ; as is shown by the following experi- 
ment. Let two black spots be made upon a piece of paper, about four or 
five inches apart ; then let the left eye be closed, and the right eye be 
strongly fixed upon the left-hand spot ; if the pa])er be then moved back- 
wards and forwards, so as to change its distance from the eye, a point will 
be found at which the right-hand spot is no longer visible, though it is 
clearly seen when the paper is brought nearer or removed further. In 
this position of the eye and the object, the rays from the right-hand spot 
cross to the nasal side of the globe, and fall upon the point of the retina 
which has just been mentioned. If the same experiment be tried with 
candles, the image will ]iot entirely disappear, but will become a cloudy 
mass of light. It is not correct to say, as is sometimes done, that the 
retina is not impressible by light at this point ; since, if such were the 
case, we should see a dark spot in our field of view whenever we use only 
one eye, which is not the case. The fact seems rather to be, that this 
portion of the retina is very inferior to the surrounding parts in its 
receptivity for luminous impressions ; whilst, on the other hand, there is 
an unusual tendency to the extension of their condition to it by ‘ irradia- 
tion’ (§ 622); so that, in the experiment just described, if the black 
spots be made upon a coloured ground, this colour will take the place of 
the spot which disappears. ^ 

624. The impression made by rays of light upon the Retina may be 

* “Archivf. Ophthalmol.,” band iii, p. 1. 

t Acta Academ. C.L. C.O. Natur» Curiosorum,” Dresden, 1864* 
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to a certain extent imitated by other physical agencies (§ 582), which 
thus give rise to various subjective visual phenomena. Advantage has 
recently been taken by Dr. Serre,* of the power of mechanical pressure 
to produce luminous spectra, for the investigation of the ^ law of visual 
direction’ (§ 610 ) ; and the results which he has obtained are of very 
great interest. When any part of the globe of the eye is compressed (the 
experimenter being in a completely-darkened room), a luminous figure is 
seen to be projected in the direction opposite to the spot pressed-upon. 
Its form varies according to that of the compressing body, and to the 
degree in which the retina is affected by it. Thus if the pressure be 
made by the point of the finger, or by any other circular surface, upon a 
part of the globe over the interior of which the retina is continuous, the 
spectrum, or phosphhie (as it is termed by Dr. ISerre), is also circular ; if 
the compressing body, on the other hand, be square at its extremity, the 
‘phospliene’ is also square; and if it be triangular, the ‘phosphine’ is 
triangular too. But if the pressure be made near the anterior edge of the 
retina (which is what most commonly happens, unless the most favour- 
able situation be designedly chosen), the figure of the ‘ phosphene’ is 
incomplete ; and the degree of its deficiency corresponds with the propor- 
tion of the area of compression that does not lie-over the retinal expan- 
sion. Hence there can be no hesitation in regarding the j^roduction of 
this spectrum as the immediate result of the affection of the sensorium by 
the pressure on the retina ; and as it seems to our perceptive conscious- 
ness to have a distinct objective existence, and as its position bears a 
constant and definite relation to that of the portion of the retina on which 
the impression is made, it seems obvious that any such affection of the 
retina not only immediately suggests to our minds the notion of an external 
objective cause of the impression, but also indicates to our consciousness 
the direction of the object. — But further, besides the principal ‘ phos- 
phene,’ another, of smaller dimensions, is usually to be seen, in a direc- 
tion nearly the same as that on which the pressure is made ; this is 
the result of the transmission of the pressure to the opposite side of the 
globe, by an alteration of its figure and of the position of its contents, 
which corresponds to the fracture of the skull by contre-coup. The form ol 
this smaller or secondary ‘ phos^diene’ is not affected by the cause which 
sometimes renders the larger or primary spectrum incomplete ; since, as 
we cannot anywhere apply pressure to the living Human eye, save on some 
part of its anterior hemisphere, the ‘ contre-coup’ will always take-place 
at the opposite spot in the posterior hemisphere, over which the retina is 
continuous, save at the entrance of the ojitic nerve. By an extensive 
series of observations upon the relation of the positions of the primary 
and secondary ‘ phosphenes,’ both to each other and to the seat of com- 
pression, Dr. Serre has deduced the important conclusion, that the lines 
joining the imaginary spectra and the spots of the retina from whose 
affection they respectively proceed, pass through a common ‘ centre of 
direction,’ whose position is in the middle of the crystalline lens. Aud 
hence it seems to be a legitimate conclusion, that our sense of the relative 
directions ^ external objects is derived from a kind of mental projection 
of each point of the retinal image, in the line which joins it to this ‘centre 
of direction.’ 

* See his “ Essai but les Phosphines,” Paris, 1653. 

u u 
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625. Another very curious subjective phenomenon of Vision, is the 
representation which, under particular circumstances, we may mentally 
obtain of the retina itself; as in the following experiment, first devised 
by Purkinje, and known by his name. “ If in a room otherwise dark, a 
lighted can^e be moved to and fro, or in a circle, at a distance of six 
inches before the eyes, we perceive, after a short time, a dark arborescent 
figure ramifying over the whole field of vision; this* appearance is pro- 
duced by the vasa centralia distributed over the retina, or by the parts 
of the retina covered by those vessels. There are, properly speaking, two 
arborescent figures, the trunks of which are not coincident, but on the 
contrary arise in the right and left divisions of the field, and immediately 
take opposite directions. One trunk belongs to each eye, but their 
branches intersect each other in the common field of vision. The expla- 
nation of this phenomenon is as follows: — By the movement of the candle 
to and fro, the light is made to act on the Avhole extent of the retina, and 
all the parts of the membrane which are not immediately covered by the 
vasa centralia are feebly illuminated ; those parts, on the contrary, which 
are covered with those vessels, cannot bo acted-on by the light, and are 
perceived, therefore, as dark arborescent figures. These figures appear 
to lie before the eye, and to be suspended in the field of vision;”* and as 
the vessels appear magnified, and display a remarkable parallactic gliding 
movement over the visual field, data are afforded by which H. Muller has 
calculated that the true percipient surface of the retina must be situated 
at a certain distance from the vessels, corresponding in fact with the 
bacillar layer, f We have thus another demonstration of the fact, that, 
in ordinary Vision, the immediate object of our sensation is a certain 
condition of the retina, which is excited by the formation of a luminous 
image. 

G26. The Visual power is susceptible of extraordinary improvement, 
through the habitual direction of our attention to the effects produced 
upon our consciousness by the impressions transmitted to the Sensorium 
from the Eye ; and this improvement may take 2 )lace, either in regard to the 
quickness and readiness with which objects generally are perceived, or in 
the faculty of discriminating the slightest differences in form, shade, 
colour, &c., or of discerning bodies of extreme minuteness. In regard to 
all these points it may be noticed that the habit of attention to any par- 
ticular class of objects, sharpens the discriminating power for that class 
alone ; and that it is usually rather the mental than the corporeal vision 
which undergoes improvement. Thus the Seaman who makes-out the 
‘ loom of the land,’ where the landsman can discern nothing but an indefinite 
haze above the horizon, or who can distinguish the size, rig, and course 
of a vessel, which the landsman can but just see as a formless speck, does 
so in virtue of the aptitude of his mind for receiving suggestions from 
minute indications such as pass unnoticed by those who have not been 
accustomed to form their ideas upon the same kind of experiences. And 
the Microscopist, who is constantly on the outlook for the various forms 

* Muller’s Elements of Physiology” (Baly’s Translation), p. 1163. _ 

+ For the explanation of various other entoptical phenomena, see James TOgo, B.A., in 

Proceedings of the Royal Society,” vol. viii. p. 603. He observes that the long beams 
of light which issue from flames regarded with * winking eyes’ proceed from little bars of 
fluid along the margins of the lids. 
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of organic structure with which his mind is familiar, discerns these with- 
out difficulty or hesitation, wh^e an ordinary observer sees nothing but 
a confused jumble of tissue. Extremely slight variations in the relative 
illumination of two objects can readily be discerned. According to Arago* 
the difference can be perceived when it amounts to no more than about 
l-64th, according to Volkmann when it is from l-60th to l-lOOth, to 
Steinheil l-38th, and to Masson l-120th. Aubertf has shown that these 
variations in the results obtained by different observers are probably due 
to their having employed different amounts of illumination ; since the per- 
ception of slight variations is mucli greater, witliin certain limits, with 
bright than with feeble illuminating powers. — It is interesting to observe 
that the power of descrying objects at vast distances appears to be here- 
ditarily possessed by two races of men, the Mongols oi‘ Northern Asia, 
and the Hottentots of Southern Africa, both of which habitually dwell on 
vast plains that seem to stretch without liinit in every direction. It 
seems probable that this power "was in the lirst instance acquired by 
habit in each case ; and that, as frequently happens with acquired pe- 
culiarities which are kept-up by constant use in successive generations,^ 
it has become fixedly hereditary. 

G. Sense of Hearing, 

• 

627. In the Ear, as in the Eye, the impressions made upon the sensory 
nerve are not at once produced by the body which originates the sensa- 
tion ; but they are propagated to it, through a medium capable of trans- 
mitting them. We obviously take cognizance by the inind, therefore, not 
of the sonorous object, but of the condition of tlie auditory nerve ; and 
all the ideas we form of sounds, as to their nature, intensity, direction, 
<fec., must be based upon the changes which they produce in it. The 
complex contrivances which we meet- with in the organ of Hearing among 
higher animals, are evidently intended to give them greater ])Ower oi' 
discriminating sounds than is possessed by the lower tribes; in which 
last it is reduced to a form so simple that it may be questioned whether 
they can be said to possess an organ of hearing, if by this term we imply 
anything more than the mere consciousness of sonorous vibrations. — Tliere 
is a considerable difference, however, between the lilye and the Ear, in 
regard to the special purposes for which they are respectively adapted. 
In the former we have seen that the whole object of the instrumejit is to 
direct the rays of light received by it, in such a manner as to occasion 
them to fall upon the expansion of the optic nerve in similar relative 
positions, and with corresponding proportional intensities, to those which 
they possessed when issuing from the ol^ject. We have no reason to 
believe anything of this kind to be the purpose of the Ear; indeed it would 
be inconsistent with the laws of the propagation of sound. Sonorous 
vibrations having the most various directions, and the most Unequal rates 
of succession, are transmitted by all media without modification, however 
numerous their lines of intersection ; and wherever these undulations fall 

♦ Astronomie,” vol. i. p. 194. 

' + “ Physiologie der Netzhaut,” 1864. 

+ See “ Princ. of Comp. Physiol./’ § 620. 
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upon the auditory nerve, they must cause the sensation of corresponding 
sounds. Still it is probable that some pdttions of the complex organ of 
hearing, in Man and in the higher animals, are more adapted than others 
to receive impressions of a particular character ; and that thus we may 
be especially informed of the direction of a sound by one part of the organ, 
of its musical tone by another, and of some other of its qualities by a 
third. 

628. A single impulse communicated to the Auditory nerve through an 
appropriate apparatus, seems to be sufficient to excite the momentary sen- 
sation of sound; but most frequently a series of such impulses is concerned, 
there being but few sounds which do not partake, in a greater or less 
degree, of the character of a tone. Any continuous sound or tone is de- 
pendent upon a succession of impulses ; and its acuteness or depth is 
governed by the rapidity with which these succeed one another. It is 
not difficult to ascertain by experiment, what number of such impulses or 
undulations are required to give every tone which the ear can appreciate. 
Thus, if a circular plate, with a number of apertures at regular intervals, 
be made to revolve over the top of a pipe through which air is pro- 
pelled, a succession of short puffs will be allowed to issue from this ; and, 
if the revolution be sufficiently rapid, these impulses will unite into a 
definite tone. In the same manner, if a spring be fixed near the edge of 
a revolving toothed wheel, in such a manner as ta be caught by every 
tooth as it passes, a succession of clicks will be heard ; and these too, if 
the revolution of the wheel be sufficiently rapid, will produce a tone. 
The number of apertures in the plate which pass the orifice of the pipe in 
a given time, or the number of teeth which pass the spring, being known, 
it is easy to see that this must be the number of impulses required to 
produce the given tone. Each impulse produces a double vibration, for- 
wards and backwards (as is seen when a string is put in vibration, by 
pulling it out of the straight line) ; hence the number of single vibrations 
is always double that of the impulses. — The maximum and minimum 
of the intervals of successive pulses, still appreciable by the ear as deter- 
minate musical sounds, have been determined by M. Despretz.*^ Ac^ 
cording to this observer the number of vibrations required to produce 
an appreciable musical sound, in persons endowed with an acute sense 
of hearing, may vary from 16 for the lowest, to 73,000 for the highest 
note. From some observations of Dr. Wollaston, it seems probable that 
the ears of different individuals are differently constituted in this respect ; 
some not being able to hear very acute tones produced by Insects, or even 
Birds, which are distinctly audible to others. Again, the sound resulting 
from 1 6 impulses per second, is not, as has been usually supposed, the lowest 
appreciable note ; on the contrary, M. Savart has succeeded in rendering 
tones distinguishable, though they can scarcely be termed musical, which 
are produced by only 7 or 8 impulses in a second ; and continuous sounds 
of a still deeper tone could be heard, if the individual pulses were suffi - 
ciently prolonged. In regard, however, to the precise time during which 
a sonorous impression remains upon the ear, it is difficult to procure exact 
information, since it departs more gradually than do visual impressions 
from the eye. This is certain, however, — that it is much longer than 
the interval between the successive pulses in the production of tone^; 

* “ Comptes'Rendus,” tom. xx. p. 1214. 
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since it was found by M. Savart, that one or even several teeth might 
be removed from the toothed ^heel, without a perceptible break in its 
sound, — showing that, when the tone was once established, the impres- 
sion of it remained during an intermission of some length. 

629. A very recondite investigation into the theory of Acoustics, 
and especially into the conditions on which the distinct qualities of 
musical tones depend, has recently been imdertaken by Helmholtz.* 
It is possible, he observes, to produce sounds consisting of only a 
single primary or fundamental note; the fundamental note of a sono- 
rous body being the lowest tone which it yields when the whole of it is 
in vibration together ; but in by far the greater number of instances, 
sounds however produced, and whether musical in their character or not, 
are compounded of the fundamental note and a number of secondary 
collateral or harmonic notes ; and the peculiar quality or timbre of par- 
ticular instruments apy)ears to be determined by a variation in the mode 
of grouping of the secondary sounds. Each such group Helmholtz desig- 
nates a sound colour.” In a series of experiments upon the vowel 
sounds, a, e, z, o, and w, he has remarked that we distinguish them from 
one another f by the harmonic sounds which accompany the chief or fiin- 
damental note, and he endeavoirrs to render this evident by the following 
experiments. He terms the fundamental note the first (1), whilst the 
harmonics (2, 3, 4, 5, 6, &c.) are notes produced by two, three, four, 
five, or six times the number of vibrations of the fmidamental note. Thus, 
taking the middle C of the piano as the fundamental note, the harmonics 
will be C 2 (octave) G, Cg (double octave) Gg, &c. Now if the vowel 
2 3 4 5 6 

a be sung close to a piano with the damper up, not only will the wire 
corresponding to the fundamental note be thrown into vibration, but also 
the wires corresponding to the 3rd and 5th harmonics, or those vibrating 
three times and five times as oftgn as the fundamental note, and also more 
feebly the 2nd, 4th, and 7th harmonic notes. When the vowel 0 is sung, 
the 3rd harmonic note vibrates somewhat more weakly than when a is 
sung; the 2nd and 5th harmonics very weakly. With u the fundamental 
note vibrates almost alone ; the 3rd harmonic very feebly. With e the 
2nd harmonic wire is thrown into powerful vibration, but the higher 
harmonics are scarcely produced. With z, as with zz, it is difficult to 
pronounce it loudly enough to excite vibrations in any but tlie funda- 
mental note ; the 2nd and 3rd harmonics, however, appear to aid in 
determining the clear character of the note, and slight vibrations may be 
observed in the 5th harmonic. The wires of the piano in these instances 
may be said to analyze the vocal sound into its secondary elements or 
partial notes ; and Helmholtz has shown that the same result may be 
attained by placing in connection with the ear a series of glass vessels, 
producing by their vibration harmonic notes, and ascertaining with 
which note or kind of note they resonate most powerfully. In another 
series of experiments, instead of analyzing the vocal sounds as above 
mentioned, Helmholtz endeavoured to produce them synthetically^ by 
accompanying a given fundamental note with its several harmonics. This 

♦ *'Die Lehre von den Ton-empfiudungen als pliysiologische Grundlage fiir die 
Theorie der Musik,” liraunschweig, 1862. 

t It must be borne in mind that the German vowels are here implied. 
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was accomplished by a system of tuning-forks, arranged in harmonic 
series, which could be thrown into vibration at will in various order. 
Thus the fundamental note of the first tuning-fork, resembling the vowel 
w, the vowel sound or musical colour o was produced if the harmonics 2 
were powerfully, and 3 and 4 were weakly sounded ; e was produced 
by the 3rd octave resonating powerfully with the fundamental note, the 
2 harmonic note moderately, and the 4 and 5 harmonics feebly, and so 
on for the other vowel sounds. — The power which we possess of distin- 
guishing the characters belonging to similar notes produced by different 
instruments, appears, therefore, to be due to a kind of analysis being 
performed by the ear, similar to that effected by the wires of the piano ; 
and we shall see that it is not unreasonable to attribute this function 
especially to the branches of the auditory nerve distributed upon the 
lamina spiralis of the cochlea. 

630. The essential part of an Organ of Hearing is obviously a nerve 
endowed with the peculiar property of receiving sonorous undulations, and 
of transmitting their effects to the Sensorium. This nerve is spread-out 
over the surface of a delicate -membrane which lines the Vestibule and its 
prolongations ; and this membrane encloses a fluid, which is the medium 
whereby the sonorous vibrations received through the external ear are 
communicated to the nerve. We learn from an examination of the com- 
parative structure of the auditory apparatus in the lower animals, and 
from the study of its development in the higher, that the part which, 
being most constantly present, and being also the earliest in its develop- 
ment, may be considered as the most essential, is the simple Vestibular 
cavity ; which exists where there are no vestiges either of Semicircular 
Canals, of Cochlea, or of Tympanic apparatus. Such a condition presents 
itself in some of the higher Irivertebrata and in the lowest Fishes ; but as 
we ascend the Vertebrated series, we find the semicircular canals growing 
out (as it were) of the Vestibule in Fisl^s, a tympanic apparatus super- 
added in Reptiles, and a Cochlea first acquiring a more than rudimentary 
development in the class of Birds, although only presenting in Mammalia 
that characteristic form from which it derives its name.* * * § Of the mode 
in which the ultimate subdivisions of the Auditory nerve are distributed 
upon the lining membrane of the labyrinth, it does not yet seem possible 
to give a certain account; for although Wagner and others have repre- 
sented them as terminating in free loops, yet more careful observation 
has rendered this doubtful ; and the general analogy between the simpler 
forms of the auditory and of the visual apparatus, as well as the close cor- 
respondence which exists between them in the history of their develop- 
ment (the organ of hearing, like the eye, being budded-off from its sensory 
ganglion), seem to indicate that the peripheral expansion of the auditory 
nerve might be expected to have a structure analogous to that of the 
retina. The structure of the cochlea has recently been materially eluci- 
dated by the extraordinarily minute and delicate dissections of Corti,f 
Schultze, Kulliker, and others. The canal of the cochlea, according to 

* For a more detailed sketch of the Comparative Anatomy of the Organ of Hearing, 
see the Author’s ^‘Principles of Comparative Physiology,” §§ 711--714. 

f See his Memoir in Kdlliker and Siebold’s “ Zeitschrift fiir wissenschaftliche Zoologie,” 

1851, band iii. heft 1 ; also Prof. Kolliker’s “ Mikroskopische Anatomic,” band ii 

§ 289, and his ‘‘Manual of Microscopic Anatomy,” 1860. 
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Kdlliker, is filled with the fluid of the labyrinth, and contains not only the 
two well-known cavities, the Scala Tympani and Scala Vestibuli {Sc, V. 
and Sc. T., Fig. 139), but also a third narrower space which he proposes 
to call the Scala Media (^S'c. M,). This is situated in great measure within 
the Lamina Spiralis, and con- 
tains the ultimate termina- 
tions of the cochlear branches 
of the auditory nerve. The 
lamina spiralis consists of an 
inner bony and an outer 
membranous portion ; the 
former terminates by a 
grooved edge, the upper 
margin of the groove (Z. d.) 
being termed the Zona Den- 
ticulata, in consequence of 
its presenting a series of 
well-marked teeth, the lower 
margin {h. the Habenula 
Perforata. From each of 
these a layer of periosteum 
is continued to the opj)osite 
wall of the cochlea, com- 
pleting the septum between 
The upper layer is termed the Membrane of Corti {m. (7.), the lower one 
the Membrana Basilaris {m. h.). Connected with the habenula perforata, 
and lying in the scala media, or space between the two membranes, are 
certain structures termed the liods of Corti. These (1 and 2) form 
an angle with one another resembling the gable end of a house, and appear 
to be connected above by a delicate membrane, the Membrana Vela- 
mentosa. The space between%ie groove of the bony lamina spiralis and 
the first set of the rods of Corti, and the space between the outer wall of 
the cochlea and tlie second set of the rods of Corti, are filled with large 
nucleated cells (c. C.), the cells of Claudius. The interval between the two 
sets of rods and the membrana basilaris {Sc. M.) is probably filled with 
fluid. The branches of the auditory nerve lie on the under surface of 
the lamina spiralis, beneath the habenula perforata, through which they 
pass by many small openings, and (though there is much difliculty in 
following them at this part) apparently terminate by free and extremely 
delicate extremities amongst the cells of Claudius, and in the fluid of the 
scala media. The accompanying diagram will give some idea of the 
relations of these delicate parts as they appear to be determined by the 
most recent investigations.* 

G31. In order to gain any definite idea of the uses of different parts oJ 
the Ear, it is necessary to bear in mind that sounds may be propagated 
amongst solid or fluid bodies in three ways ; by reciprocation^ by reso 
nance., and by conduction. — 1. Vibrations of reciprocation are excited ii 
a sounding body, when it is capable of yielding a musical tone of definit 
pitch, and another body of the same pitch is made to soimd near i1 
Thus if two strings of the same length and tension be placed alongside < 

* iSee Pick, Anatomie und Physiologic der Sinnes Organe,’’ 1862, p. 122. 
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X. 8p., Lamina Spiralis, dividing* 8e. V., the Scala Ves- 
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perforata, m. C, the Membrane of Corti, covered with 
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and also covered with epithelium, c. C., cells of Claudius. 
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the second order. Between these and the membrana 
basilaris is a triangular space. Sc. M., the Scala Media, into 
which the free extremities of the auditory nerves project. 
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of Corti. m, V., membrana velamentosa. 
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eacli Other, and one of them be sounded with a violin-bow, the other will 
be thrown into reciprocal vibration ; or if the same tone be produced 
near the string in any other manner, as by a flute or a tuning-fork, the 
same effect will result. — 2. Vibrations of resonance are of somewhat the 
same character ; but they occur when a sounding body is placed in con- 
nection with any other, of which one or more parts may be thrown into 
reciprocal vibration ; even though the tone of the whole be different, or 
it be not capable of producing a definite tone at all. This is the case, for 
example, when a tuning-fork in vibration is placed upon a sound-board ; 
for even though the whole board have no definite fundamental note, it 
will divide itself into a number of parts, which will reciprocate the 
original sound, so as greatly to increase its intensity ; and the same sound- 
boafd will act equally well for tuning-forks of several different degrees of 
pitch. When a smaller body is used for resonance, however, it is essen- 
tial that there should be a relation between its fundamental note and 
that of tlie sonorous body ; otherwise no distinct resonance is produced. 
Thus, if a tuning-fork in vibration be held over a column of air in a tube, 
of such a length that the same note would be given by its vibration, its 
sound will be reciprocated. And if it be held over a pipe, the column of 
air in which is a miiltiple of this, the column will divide itself into that 
number of shorter parts, each of wliich will reciprocate the original sound, 
and the total action will be one of resonance. But if the length of the 
pipe bear no such correspondence with the note sounded by the tuning- 
fork, no resonance is given by the column of air it contains. — 3. Vibra- 
tions of conduction are the only ones by which sounds can strictly be 
said to be propagated : these are distinguishable into various kinds, into 
which it is not requisite here to inquire. It should be remarked, how- 
ever, that all media, fluid, liquid, or solid, arc capable of transmitting 
sound in this manner ; a vacuum being the only space through which it 
cannot pass. The transmission is usually much more rapid through solid 
bodies, than through liquid ; and throng liquid, than through gaseous. 
The greatest diminution in the intensity of sound is usually perceived, 
when a change takes-place in the medium through which it is propagated, 
especially from the aeriform to the liquid. 

632. The detailed application of these princijdes has been most elabo- 
rately worked- out by Prof. MUller; and the Ibllowing statement is little 
more than an abstract of the results of his experimental investigations ; 
of which the first series bears specially on the case of those animals, 
which, living immersed in water, receive the sonorous undulations through 
that medium. The labyrinth of such as possess a distinct organ of 
hearing, is either entirely enclosed within the bones of the head, as in 
the Cephalopoda and in the Cyclostome and Osseous Fishes ; or, its 
cavity being prolonged to the surface of the body, it is there brought into 
communication with the conducting medium by means of a membrane, 
besides receiving the vibrations through the medium of the solids of the 
body, as is the case in Cartilaginous Fishes and Crustacea : — i. Sonorous 
vibrations, excited in water, are imparted with considerable intensity to 
solid bodies. — ii. Sonorous vibrations of solid bodies are communicated 
with greater intensity to other solid bodies brought in contact with them, 
than to water ; but with much greater intensity to water, than to atmo- 
spheric air. — III. Sonorous vibrations are communicated from air to 
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water with great difficulty, this difficulty very much exceeding that 
with which they are propagated from one part of the air to another ; but 
^ their transition from air to water is much facilitated by the intervention 
of a membrane extended between them. — iv. Sonorous vibrations are not 
only imparted from water to solid bodies with definite surfaces which are 
in contact with the water, but are also returned with increased intensity 
by these bodies to the water ; so that the sound is heard loudly in the 
vicinity of those bodies, in situations where, if it had its origin in the 
conducting power of the water alone, it would be faint. — v. Sonorous 
undulations, propagated through water, are partially reflected by the 
surfaces of solid bodies. — vi. Thin membranes conduct sound in water 
without any loss of its intensity, whether they be tense or lax. — vii. 
When sonorous vibrations are communicated from water, to air inclosed 
in membranes or solid bodies, a considerable increase in the intensity of 
the sound is produced, by the resonance of the air thus circumscribed. — 
VI n. A body of air inclosed in a membrane, and surrounded by water, 
also increases the intensity of the sound by resonance, when the sonorous 
undulations are communicated to it by a solid body. 

G33. Animals living in air arc nearly always provided with an opening 
into the Vestibule, \hQ fenestra ovalis, covered by a thin membrane; and 
generally with a Tym^mnic apparatus also. The following experimental 
results bear uj)on the manner in which the Ear of such animals is affected 
by sound : — ix. Sonorous undulations, in passing from air directly into 
water, suffer a considerable diminution in their strength ; while, on the 
contrary, if a tense membrane exist between the air and the water, the 
sonorous undulations are communicated from the former to the latter 
medium with great intensity. — x. The sonorous vibrations are also com- 
municated without any perceptible loss of intensity from the air to the 
water, when, to the membrane forming the medium of communication, 
there is attached a short solid body, which occupies the greater part of 
its surface, and is alone in Contact with the water. — xi. A small solid 
body, fixed in an oi)ening by means of a border of membrane, so as to be 
moveable, communicates sonorous vibrations from air on one side to 
water or the fluid of the labyrinth on the other, much better than solid 
media not so constructed. But the propagation of sound to the fluid is 
rendered much more perfect, if the solid conductor, thus occupying the 
opening, is by its other end fixed to the middle of the tense membrane 
which has atmospheric air on both sides. — The fact stated in ix. is 
evidently one of great importance in the physiology of hearing ; and fully 
explains the nature of the process in those animals which receive the 
sonorous vibrations through air, but which have no tympanic apparatus. 
In X. we have the elucidation of the action of the fenestra ovalis, and of 
the moveable plate of the stapes which occupies it, in animals living in 
air but destitute of tympanic apparatus ; this is naturally the case in many 
Amphibia ; and it may happen as the result of disease in the Human 
subject. In xi. we have a very interesting demonstration of the purpose 
and action of the tympanum, in the more perfect forms of the auditory 
apparatus. — We are now prepared to inquire, in somewhat more of detail, 
into the actions of the different parts of this apparatus ; and it will be 
better to commence with those of the Middle and Internal Ear^ the 
accessory organs being afterwards considered. 
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634. The Memhrana Tympani consists of three layers ; an external 
one continuous with the cutis of the external meatus, and consisting of 
dermoid tissue with a covering of epidermic cells ; an internal^ which is 
extremely thin, continuous in like manner with the mucous membrane 
lining the tympanic cavity, and also composed of dermoid tissue and 
epithelium ; and a middle layer, which, according to Mr. Toynbee,* may 
be separated into two distinct laminas whose fibres run in contrary 
directions, those of the external layer (which is the stronger of the two) 
radiating from the malleus towards the peripheral ring to which they 
are attached, whilst those of the internal are annular. The fibres of 
which these laminje are composed do not appear to be muscular ; nor do 
they present the longitudinal parallel wavy lines characteristic of ordinary 
fibrous membranes ; and they are rendered opaque by acetic acid. Hence, 
although those laminae appear to be derived, the external from the peri- 
osteum of the meatus, and the internal from that of the tympanic cavity, 
they differ from it in elementary structure, and seem to have more in 
common with elastic tissue. Mr. Toynbee points out the existence 
of a tubular ligament, enclosing the tendon of the tensor tympani muscle ; 
and considers that the membrane is maintcuned by this ligament in a 
state of moderate tension, the assistance of the muscle being only required 
to augment this. — The function of the Memhrana Tympani seems obviously 
to be the reception of sonorous undulations from the air, in such a manner 
that it may be thrown by them into a reciprocal vibration, which is com- 
municated to the chain of bones. In its usual state, this membrane is 
scarcely on the stretch ; and this is found by experiment to be, for a small 
membrane, the best condition for the propagation of ordinary undulations. 
This is easily rendered sensible in one’s own person ; for an increased 
tension may be given to the membrana tympani, either by holding the 
breath and forcing air into the Eustachian tube, so as to distend it from 
within, or by exhausting the cavity, so as to cause the external air to 
make increased pressure upon it ; and in either case, the hearing is im- 
mediately found to become indistinct. It is observed, however, that grave 
and acute sounds are not equally affected by this action ; for the experi- 
menter renders himself deaf to grave sounds, whilst acute sounds are heard 
even more distinctly than before. This fact is readily understood, by 
referring to the laws of Acoustics already mentioned. The greater the 
tension to which the membrana tympani is subjected, the more acute will 
be its fundamental tone ; and as no proper reciprocation can take-place 
in it to any sound lower than its fundamental tone, its power of repeating 
perfectly the vibrations proper to the dee])er notes will diminish. The 
nearer a sound approaches to the fundamenttil note proper to the tense 
membrane, the more distinctly will it be heard. On the other hand, when 
the membrane is in its naturally-relaxed condition, its fundamental note 
is very low, and it is capable of repeating a much greater variety ot 
sounds ; for, when it receives undulations of a higher tone than those to 
which the whole membrane would reciprocate, it divides itself into distinct 
segments of vibration, which are separated by lines of rest ; and every 
one of these reciprocates the sound,']' at the same time rendering it more 

* “ Pliilosopliical Transactions,” 1861. 

t This is very easily proved by experiment on a membrane stretched over a resonant 
cavity ; for if light sand be strewed upon it, and a strong musical tone be produced in 



SENSE OF HEARING — USES OF EUSTACHIAN TUBE. 


667 


intense by multiplication (§ 631). These facta enable us to understand 
the influence of the tensor tympani muscle, in augmenting the tension of 
the membrane, and thus enabling it to vibrate in reciprocation to sounds 
having a great variety of fundamental notes. It appears to be antagonized 
by the stapedius^ the contraction of which seems to diminish the tension 
of the membrana tympani, and to take-off pressure from the fluid of the 
labyrinth. These two muscles conjointly may be considered to regulate 
the transmission of sonorous undulations to the fluid of the intern^ sac, 
preventing it from being too violently affected by loud sounds, in the same 
manner that the iris regulates the admission of light to the eye (§ 608) ; 
and the analogy extends also to their nervous supply, the stapedius being 
excited to action by a branch of the Facial, whilst the tensor tympani 
receives its nerves from the Otic ganglion.* They are probably put 
into conjoint action when we are listening for faint sounds, so as to 
bring the tympanum into the state of tension best adapted to reciprocate 
them ; whilst by a like preparation, the concussive effects of a loud sound 
that is anticipated^ are more effectually moderated than when it strikes 
the ear without warning. It is probably owing to an imperfect action 
of these muscles, that some persons are deaf to grave sounds, whilst they 
readily hear the more acute. 

635. The uses of the Tympanic Cavity are very obvious. One of its 
purposes is to render the vibrations of the membrane quite free ; and the 
other, to isolate the chain of bones, in such a manner as to prevent their 
vibrations from being weakened by diffusion through the surrounding 
solid parts. As to the objects of the Eustachian Tuhe^ opinions have 
been much divided. Many of these opinions, however, — such as the one 
most commonly entertained, that it serves the same purpose as the hole 
in an ordinary drum, removing an impediment to the free vibration of 
the membrane that would be offered by the complete inclosure of the 
air within, — are at once negatived by the fact, which seems to have been 
demonstrated by Mr. Toynbee, that the guttural orifice of the tube ii 
usually closed, being only opened during the act of swallowing.']* The 
principal object of the Eustachian tube (which is always found wher( 
there is a tympanic cavity) seems to be the maintenance of equilibriun 
between the air within the tympanum and the external air ; so as t< 
prevent inordinate tension of the membrana tympani, which would b 
juoduced by too great or too little pressure on either side, and the effec 
of wliich would be imj)erfection of hearing. It also has the office c 
convey ing-away mucus secreted in the cavity of the tympanum, fr 
means of the vibratilc cilia which clothe its lining membrane ; am 
the deafness consequent on occlusion of this tube, is in part exphcabl 
by the accumulation which then takes-place in the cavity. Fror 
what has been stated, it is evident that sonorous undulations in th 
air will be propagated to the fluid contained in the labyrinth, - 

its vicinity, the membrane will immediately be set in vibration, not as a whole (anle 
its fundamental note be in unison with that sounded), but in different segments, 
which every one reciprocates the sound; from the vibrating parts, the sand will 1 
violently thrown-off; but it will settle on the intermediate lines of rest, which a 
known as the nodal lines, forming a variety of curious figures. 

* See Mr. C. Brooke in “ Lancet,” 1843, p. 380 ; and Mr. Toynbee in ** Brit, a: 
For. Med.-Chir. Rev.,” vol. xi. p. 235. 

t Loc. cit., and Proceedings of the Royal Society,” 1852. 
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througli the tympanum, the chain of bones,* and the membrane of the 
fenestra ovalis to which the stapes is attached, — without any loss, but 
rather an increase of intensity. Why water should be chosen as the 
medium through which the impression is to be made upon the nerve, it 
is impossible for us to say with anything like certainty, in our present 
state of ignorance as to the physical character of that impression. But 
the problem being to communicate to water the sonorous undulations of 
air, the experimental results already detailed satisfactorily prove that — 
whilst this may be accomplished, in a degree sufficient for the wants of 
the inferior animals, by the simple interposition of a tense membrane 
between the air and the fluid, — the tympanic apparatus of the higher 
classes is most admirably adapted for this purpose. The lenestra ovalis 
is not, however, the only channel of communication between the tympanum 
and the labyrinth ; for there is in most animals a second aperture, the 
fenestra rotunda^ leading into the cochlea, and simply covered with a 
membrane. It is generally supposed that, the labyrinth being filled with 
a nearly incompressible fluid, this second aperture is necessary to allow 
the free vibration of that fluid ; the membrane of the fenestra rotunda 
being made to bulge-out, as that of the fenestra ovalis is pushed-in. It 
may be easily shown by experiment, however, as weU as by reference to 
comparative anatomy, that no such contrivance is necessary ; for sonorous 
undulations may be excited in a non-elastic fluid, completely inclosed 
within solid walls at every part, except where these are replaced by the 
membrane through which the vibrations are propagated ; and this is 
precisely the condition, not only of Invertebrated animals, but even ol 
Frogs ; in which last a tympanic apparatus exists, without a second orifice 
into the labyrinth. Moreover it is certain, that the vibrations of the air 
in the cavity of the tympanum must of themselves act upon the mem- 
brane of the fenestra rotunda ; and this is perhaps the most direct manner 
in which the fluid in the cochlea will be afifectod, although it will ulti- 
mately be thrown into much more powerful action, by the transmission 
of vibrations from the vestibule. For it has been satisfactorily deter- 
mined by experiment (xii.), that vibrations are transmitted with very 
much greater intensity to water, when a tense membrane, and a chain 
of insulated solid bodies capable of free movement, are successively the 
conducting media, than when the media of communication between the 
vibrating air and the water are the same tense membrane, air, and a 
second membrane : — or, to apply this fact to the organ of hearing, the 
same vibrations of the air act upon the fluid of the labyrinth with much 
greater intensity, through the medium of the chain of auditory bones and 
the fenestra ovalis, than through the medium of the air of the tympanum 
and the membrane closing the fenestra rotunda. — The fenestra rotunda 
is not to be considered as having any peculiar relation with the cochlea ; 
since, in the Turtle tribe, the former exists without the latter. 

636. It is obviously in the Lahijrintli as a whole, that the sonorous 
vibrations are brought to bear upon the Auditory nerve spread- out to 
receive them. In regard to the special functions of particular parts of 
the labyrinth, however, no certainty can be said to exist. The membrane 

* For papers showing that sounds are chiefly conducted through the bones of the 
tympanum, see J. Jago, in “Proceedings of Royal Society,” 1867-69, vol. hr. p. 184 j 
and J. Toynbee, in idem, 1869-60, voL x. p. 82. 
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which lines its cavities not only contains a liquid (the endo-lymph), but 
is also separated from the osseous wall by another collection of liquid, the 
peri-lymph; so that it is suspended, as it were, in a liquid which bathes 
both its surfaces. In the cavity of the Vestibule, which is subdivided by 
a membranous partition into two, are found small masses of concretionary 
particles, collectively named otoconia^ or ear-powder ; these are obviously 
the rudiments of the otoliths^ or ear-stones, whose presence, in animals 
with a less perfect auditory apparatus, seems needful to intensify the 
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Vertical Section of the Human Ear, tlio internal portions on an enlarged scale —a, h, c, ex- 
ternal tar j d, entrance to auditory canal,/, e, e, petrous portion of temporal bone , g, mem- 
brana tympani , h, cavity of the tympanum, the chain of bones being removed , t, openmgs 
from this cavity into the cells, excavated in the bone; on the side opposite the membrana 
tympani are seen the fenestra ovalis and rotunda, k, Eustachian tube , I, vestibule, m, semi- 
circular canals , n, cochlea , o, auditory nerve , p, canal for carotid artery , q, part of glenoid 
fossa , r, styloid pi'ocess. 

undulations. — It is commonly supposed that the Semicircular Canals 
have for their peculiar function, to receive the impressions by which we 
distinguish the direction of sounds ; and it is certainly a powerful argu- 
ment in support of this view, that, in almost every instance in which 
these parts exist at all, they hold the same relative positions as in Man, 
their three planes being nearly at right angles to one another. The idea, 
however, must be regarded as a mere speculation, the value of which 
cannot be decided without an increased knowledge of the laws according 
to which sonorous vibrations are transmitted ; but it receives a certain 
degree of confirmation from the curious movements witnessed by M. 
Flour ens after section of one or other of these canals (§ 514). — Regarding 
the special function of the Cochlea^ there is precisely the same uncertainty. 
It has been surmised by M. Dug^s, that by the Cochlea we are especially 



670 OF THE OEGANS OF THE SENSES, AND THEIR FUNCTIONS. 

enabled to estimate the pitch of soimds, particularly of the voice ; and 
he adduces, in support of this idea, the fact, that the development of 
the cochlea follows a very similar proportion with the compass of the 
voice. This is much the greatest in the Mammalia ; less in Birds ; and 
in Eeptiles which have little true vocal power, the cochlea is reduced 
to its lowest form, disappearing entirely in the Amphibia. That there 
should be an acoustic relation between the voice and ear of each species 
of animal, cannot be regarded as improbable ; and the speculation of 
M. Dug^s derives confirmation from the researches of Helmholtz, who 
appears to consider that the function of the cochlea stands in intimate 
relation with our power of discriminating differences in the quality of 
sounds. This will naturally follow from his demonstration that the 
timbre depends upon the harmonic combinations ; if it be the function 
of the cochlea to discriminate pitch. According to his observations, the 
individual branches of the auditory nerve are only capable of distinguish- 
ing simple, pendulum-like vibrations ; but, as already stated (§ 629), 
all ordinary sounds are compound in their nature, the fundamental note 
being accompanied by harmonics; these throw corresponding fibres into 
vibration, and produce an impression which may be likened to a colour. 
The analogy which exists between the power of distinguishing colours 
and that of discriminating musical torses has long been recognized ; and 
whilst we find that some persons are endowed witli the latter, which is 
commonly known as a ‘ musical ear,’ in a degree that renders it a source 
of great discomfort to them (since every discordant sound is a positive 
torment), others are altogether destitute of it, — the deficiency being very 
analogous to the ^ colour-blindness’ formerly described (§ G21). It is not 
a little curious, that the two defects are occasionally co-existent in the 
same individuals.* 

637. We have now to consider the functions of the accessory parts, — 
the External Ear, and the Meatus. The Cartilage of the external ear 
may propagate sonorous vibrations in two ways ; by reflection, and by 
conduction. In reflection, the concha is the most important part, since 
it directs the reflected undulations towards the tragus, whence they are 
thrown into the auditory passage. The other inequalities of the external 
ear cannot promote hearing by reflection ; and the purpose of the exten- 
sion of its cartilage is evidently to receive the sonorous vibrations from 
the air, and to conduct them to its source of attachment. In this point 
of view the inequalities become of importance ; for those elevations and 
depressions upon which the undulations fall perpendicularly, will be 
affected by them in the most intense degree ; and in consequence of the 
varied form and position of these inequalities, sonorous undulations, in 
whatever direction they may come, must fall advantageously upon some 
of them. — The functions of the Meatus appear to be threefold. The 
sonorous undulations entering from the atmosphere are propagated directly, 
without dispersion, to the membrana tympani : the sonorous undulations 
received on the external ear are conveyed along the wails of the meatus 
to the membrana tjnnpani : whilst the air which it • contains, like all 
insulated masses of air, increases the intensity of sounds by resonance. 
That, in ordinary hearing, the direct transmission of atmospheric vibra- 

* See a collection of such cases by Dr. Pliny Earle, in Amer. Journ. of Med. Sci.,” 
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tions to the membrana tympani is the principal means of exciting the 
reciprocal vibrations of the latter, is sufficiently evident ; the undulations 
which directly enter the passage, will pass straight on to the membrane ; 
while those that enter obliquely will be reflected from side to side, and 
at last will fall obliquely on the membrane, thus perhaps contributing tc 
the notion of direction. The power of the lining of the meatus to con- 
duct sound from the external ear, is made evident by the fact, that, when 
both ears are closely stopped, the sound of a pipe having its lower extre- 
mity covered by a membrane, is heard more distinctly when it is applied 
to the cartilage of the external ear itself, than when it is placed in contact 
with the surface of the head. The resonant action of the air in the tube 
is easily demonstrated, by lengthening the passage by the introduction of 
another tube ; the intensity of external sounds, and also that of the indivi- 
dual’s own voice, as heard by himself, is then much increased. 

638. Many facts prove, however, that the fluid of the Labyrinth may 
be thrown into vibration in other ways than by the Tympanic apparatus 
Thus in Osseous Fishes, it is only by the vibrations transmitted througli 
the bones of the head, that hearing can take place. There are man} 
persons, again, who can distinctly hear sounds which are thus trans- 
mitted to them ; although, through some imj)erfection of the tympanic 
apparatus, they are almost insensible to those which they receive in the 
ordinary way. It is evident, where this is the case, that the nerve mus 
be in a state fully capable of functional activity ; and on the otlier hand 
where sounds cannot thus be perceived, there will be good reason to believe 
that the nerve is diseased. 

639. The power of distinguishing the direction of sounds appears to be 
in Man at least, for the most part acquired by habit ; for it is some tim( 
before the infant seems to know anything of the direction of noises whicl 
attract his attention. Our judgment as to this point is probably assisted 
in most cases, by a difference in the intensity of the sensations receivec 
through the two ears respectively ; but since we have a certain power o 
appreciating direction when one ear alone is used, this power must de- 
pend upon an exercise of perceptive discrimination (which is probabl} 
acquired, rather than intuitive,) in regard to the impressions which w( 
receive through its means ; and it has been already mentioned that the 
Semicircular canals (§ 636) appear to furnish the instrumentality b} 
which our minds are enabled to take cognizance of such differences. — 
The idea of the distance of the sonorous body is another acquired percep- 
tion, depending principally upon the loudness or faintness of the sound 
when we have no other indications to guide us. In this respect there is 
a great similarity between the perception of the distance of an object 
through the Eye by its size, and through the Ear by the intensity of its 
sound. When we are acquainted with the usual intensity of its soimd 
we can judge of its distance ; and vice versd^ when we know its distance 
we can at once form an idea of its real strength of tone from that witl 
which our ears are impressed. In this manner, the mind may be affectec 
with corresponding deceptions through both senses : for as, in the Phan 
tasmagoria, the figure being gradually diminished whilst its distance re 
mains the same, it appears to the spectators to recede (the illusion bein| 
more complete if its brightness be at the same time diminished) ; so th 
effect of a distant full military band gradually approaching, may be alik 
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given by a corresponding crescendo of concealed instruments. It is upon 
the complete imitation of the conditions which govern our ideas of the 
intensity and direction, as well as of the character, of sounds, that the 
deceptions of the Ventriloquist are founded. A very curious instance of 
the degree in which our auditory interpretation is affected by other 
sense-perceptions, is afforded by the ‘ Ghost’ exhibition which has re- 
cently been so popular ; for it is scarcely possible to avoid referring to 
the place where they seem to be made, sounds which are really pro- 
duced elsewhere. 

640. The Auditory sense, like the visual, may vary considerably among 
different individuals, both as regards its general acuteness, and as respects 
its discriminative power for particular classes of impressions. Much de- 
pends upon the habit of attention to its indications ; and thus it comes to 
pass, that the power of hearing very faint sounds and of recognizing their 
source, becomes augmented to a wonderful degree in those individuals 
who are obliged to trust to the knowledge thus acquired for the direction 
of their own actions ; whilst, in like manner, the power of distinguishing 
slight differences in the pitch of sounds, may be so cultivated (where it 
is not congenitally deficient) as to attain an intensity that seems very 
extraordinary to those who have not accustomed themselves to listen for 
them. The general cultivation of this sense is perhaps most remarkable 
in blind persons, who have enabled themselves, by reliance upon it, to walk- 
about freely, even in the crowded thoroughfares of the Metropolis; and who 
are not only able to judge of the habits of individuals whom they meet, by 
the sound of their footsteps (at once recognizing, for instance, the footstep of 
a policeman on duty), but can even tell when they are passing a stationary 
object (such as a lamp-post), provided it be as high as the ear or nearly 
so, by the reverberation of the sound of their own footsteps, and can 
discriminate between a lamp-post and a man standing- still in the position 
of one, by the same means.* The effect of habitual attention in increasing 
the discriminative power for impressions of one particular kind, is per- 
haps best seen in the ability which is possessed by certain Conductors of 
orchestral performances, to detect the slightest departure from time or tune 
in the sound of any one of (perhaps) a hundred instruments that are 
simultaneously sounding, and to fix without hesitation upon the faulty 
instrumentalist. Seebeck, indeed, affirms that accomplished musicians 
can detect a difference in pitch between two sounds which only differ by 
l-1200th in the number of their vibrations.f According to the 
researches of MM. Eenz and Wolff, J our faculty of estimating differences 
in the intensity of sounds is much less perfect. When the intensities of 
two sounds are to one another as 7 to 10, the difference can be dis- 
tinguished, but not when they are in the relation of 9 to 10. The 
advantage resulting from the simultaneous employment of the two ears 
in distinguishing minute differences in the intensity and pitch of sounds, 
is well shown in the experiment suggested by M. Weber, of holding two 
watches in the hand before one ear, when it will be foimd that the succes- 
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sive sounds can be distinctly heard, though they cannot be distinguishec 
one from the other, whilst if one be held in front of each ear the twc 
sounds can be clearly discriminated. 

641. Facts of much interest have been ascertained, some of which have 
been already alluded- to (§ 452), in regard to an occasional difference ir 
the rapidity of the perception of sensory impressions, received through the 
Eye and through the Ear respectively. These facts are the result of com- 
parisons made amongst different Astronomical observers, who may be 
watching the same visual phenomenon, and ^ timing’ their observations 
by the same clock ; for it has been remarked, that some persons see the 
same occurrence, a third or even a half* of a second earlier than others. 
There is no reason to suppose from this, however, that there is any 
difference in the rate of transmission of the sensory impressions in the 
two nerves. The fact seems rather to be, that the Sensorium does not 
readily perceive two impressions of different kinds with equal distinct- 
ness ; and that, when several such impressions are made on the senses a1 
the same time, the mind takes cognizance of one only, or perceives them 
in succession. When, therefore, both sight and hearing are directec 
simultaneously to two objects, the communication of the impressioi 
through one sense will necessarily precede that made by the other. Th( 
interval between the two sensations is greater in some persons than ii 
others ; for some can receive and be conscious of many impressions 
seemingly at the same moment ; whilst in others a perceptible space mus 
elapse. The ^ personal equation’ of each observer in an Observatory 
has, therefore, to be determined and allowed-for.* 

642. Amongst other important offices of the sense of Hearing, is tha1 
of supplying tlie sensations by which the Voice is regulated. It is wel 
known that those who are born entirely deaf, are also dumb ; that is 
they do not spontaneously or imitatively form articulate sounds, thougl 
not the least defect may exist in their organs of voice. Hence it appears 
that the vocal muscles are usually guided in their action by tlie sensations 
received through the Ears, in the same manner as other muscles are 
guided by the sensations received through themselves ; but when the 
former are deficient, the action of the vocal muscles may be guided b) 
the latter (§ 525). 

* In all the best Observatoi ies, an arrangement is now made for recording observa 
tions which supersedes the necessity of timing them by simultaneous attention to th< 
clock. The observer who is watching the transit of a star (for example) across th< 
meridian, simply presses a button at the moment when he witnesses its contact witl 
the cross-wire. This pressure breaks an electric circuit, which is so connected with s 
chronometer as to stop it instantaneously, and thus automatically to record the precisf 
time of the phenomenon. Since this plan has been adopted, it has been found that th( 
“ personal equation” nearly or altogether disappears; thus confirming the view giver 
above as to its dependence on the distraction of the attention between the two objects o 
perception. 
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CHAPTER XIII. 


ON THE STRUCTURE AND FUNCTIONS OF MUSCULAR TISSUE. 


1. Structure of Muscular Tissue, 

643. Muscular tissue, if under this term be included the instrument 
by which all the sensible movements of the body are accomplished, exists 
under three forms. The first, by which the movements of ciliated cells 
are effected, has hitherto proved too subtle for microscopical analysis, and 
can only be described as a clear homogeneous and apparently structure- 
less material, capable, however, of executing very rapid and energetic 
vibratory movements, the object of which appears to be limited to the 
establishment of currents, usually directed towards the exterior of the 
body, in the fluids covering the surface of various membranes ; as in the 
case of the respiratory and female generative tracts. These movements do 

not appear to be in any way under the control 
141 ^ of the nervous system, since they persist long 

after somatic death ; nor are they materially 
affected by chemical or medicinal agents, 
unless these are sufficiently powerful in their 
operation to produce structural or organic 
changes. The undulating movements which 
have been observed in the sj^ermatozoa ap- 
pear to belong to the same category as those 
exhibited by ciliated cells. 

644. The second form of muscular tissue 
consists of flattened bands, which are stated by 
Kdlliker to be composed of long, fusiform cells 
(Fig. 141) with staff- shaped, elongated nuclei ; 
the length of the cells varying from 1-5 0th to 
1-1 125th of an inch, and their breadth from 
1 - 1 1 2 5 th to 1 - 5 6 2 5 th of an inch . Prof. Ellis* 
has recently, however, thrown some doubt 
upon the cellular character of unstriated mus- 
cular tissue ; and has described it as composed 
of long, slender, rounded cords of uniform 
width, except at the ends, where they are fixed 
by tendinous tissue; the fibres being inter- 
woven into a kind of meshwork, and varying 
greatly in size in the same bundle. This 
form of muscular tissue is found in a 
pure state, unmixed with other tissue, in the 
nipple, corium, ciliary muscle, intestinal canal, 
bladder, prostate, vagina, and in the smaller 
arteries, veins, and lymphatics ; and mingled 
with much areolar, fibrous, and elastic tissue in the trabeculee of the spleen 



Fosifom cells of Smooth Mu»cular 
Fibre^ from the renal vein of Man : — 
a, two cells in their natural state, 
one of them showing the staff- 
shaped nucleus; h, a cell treated 
witn acetic acid, with its nucleus c 
brought strongly into view. 


See “ Proceedings of the Royal Society,** vol. viii. p. 212, and vol, ix. p. 578. 
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and corpora cavernosa, the dartos, the circular fibres of the larger arteries 
and veins, the urethra. Fallopian tubes and uterus, and also in the trachea 
and bronchi. 

645. The third variety of Muscular tissue presents transverse stri® 
under the microscope, and occurs in all those muscles that are usually 
termed volimtary,” though its presence in the heart, rectum, and 
pharynx shows that it is not limited to these alone. On examining the 
structure of a striated muscle it is found to be easily separable into 
coarser or finer fasciculi connected by means of areolar tissue. Which on 
more minute dissection can be shown to consist of transversely striated 
polygonal fibres^ having, in Man, an average diameter of 1 -400th of an 
inch. The fibres frequently terminate by free pointed extremities in the 
muscle ; at other times they become continuous, either abruptly or by 
imperceptible gradation with tendinous or strong connective-tissue fibres.* 
In rare instances they anastomose, as in the heart (Skey). During life 
the fibres appear to be semitransparent and of soft consistence. "f After 
death each fibre can be split either longitudinally into fihrillce^ the number 
of which has been estimated at six or seven hundred, or transversely into 
a series of disks; the average diameter of the fibrill® is 1 -9400th of an 
inch in man, and they are bound together by a transparent sheath, the 
sarcolemma (Fig. 142). On the surface of the sarcolemma and sometimes 
in the interior of the fibre are nuclei 


containing one or more nucleoli, and 
readily brought into view by the 
action of acetic acid. According 
to some observers these are to 
be regarded as the remains of the 
original cells from which the mus- 
cular fibres were developed ; others 
have regarded them as centres from 
whence new muscular fibres* may 


Fig. 142. 



Muscular Fibre broken across, sbowinf? the un- 
torn Sarcolemma connecting the frag^aents. 


originate; others as the corpuscles 


of the connective tissue distributed through the muscle, and there- 


fore centres of nutrition analogous to the lacunae of bone; and still 


more recently it has been maintained that they are in connection with 
the ultimate terminations of nerves. The exact structure of the fibrillae 


is still doubtful. Under high powers of the microscope they appear to 
consist of alternate rectangular light and dark particles, constituting the 
“ sarcous elements” of Mr. Bowman. The dark particles are thicker than 
the light ones, and in consequence of their being less easily acted-on by 
dilute hydrochloric acid and gastric juice, can be obtained in a detached 
or separate state after short exposure to the action of either of these fluids. 
Brlicke has described the dark particles as refracting light doubly, 
whilst the clear intervening substance is only singly refractile.J Dr. 


* As in the tongue, Hyde Salter in “Cyclop. Anat. and Phys.,” vol. iv. p. 1132. 
Hoyer, however, maintains that in such instances the transparent fibres in which the 
muscular fibres apparently terminate are in reality contractile. See “ Reichert’s 
Archiv,” 1859, p. 481. ^ 

+ Kiihne observed a Nematoid worm move with apparent freedom in the interior of a 
fibre ; his observation is quoted in Hermann’s “ Grundriss der Phys.,” 1868, p. 180. 

X Briicke further regards the dark -particles as uniaxial positive crystals, having their 
axis parallel to the direction of the fibres, and as being composed of minute solid 
doubly ‘refracting particles, which he terms disdiaclusts^ 

X X 2 
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Martyn,* in examining a fortimate specimen of muscular tissue under a very 
high power (1200 linear), observed large and small sarcous elements to occur 
alternately, as had previously been described by Busk and Huxley the 
smaller ones evidently corresponding to the faint transverse line travers- 
ing the clear space long ago perceived and described by Dr. Sharpey and 
the Author, from careful observation of Mr. Lealand’s preparations. The 
muscles receive a free supply of blood, the capillary vessels being arranged 
in oblong meshes ; but their lymphatics are either altogether absent or 
exceedingly few in number. J The mode of termination of the nerves in 
muscle has recently been the subject of much investigation. § According 
to Kuhne the motor nerves divide and subdivide till the fibres run alone 
or only in bundles of two or three on the outside of the muscular fibres. 
After a short course, however, they penetrate the sarcolemma, losing at 
the same time their sheath and the white substance of Schwann ; whilst 
the axis cylinder, dipping in and branching amongst the fibrillse, terminates 
in a chain of nuclear-like vesicles or pale ganglionic cells, from which 
extremely delicate pencils or brushes of fibres may be observed to issue. 
Engelmann describes the axis cylinder after penetrating the sarcolemma, 
as terminating in a kind of disk or plate, which melts by imperceptible 
gradations into the tissue of the muscle itself. Kulliker and Beale, on 
the other hand, deny the penetration of the sarcolemma by the ultimate 
branches of the nerves, but describe them as forming a plexus, composed 
of pale fibres of extraordinary tenuity (1-100, 000th of an inch), inter- 
mingled with many nuclei lying on and ramifying over the fibres. 

G46. The chemical com 2 )osition of muscular fibre seems to be very 
uniform, from whatever source it is obtained. It is impossible, however, 
to determine it with precision, on account of the difficulty of completely 
isolating the substance of the fibres from the areolar tissue, vessels, and 
nerves that are blended with them. According to the analysis of v. Bibra, 
ox-flesh freed from fat contains in 1000 j)arts 77 G of water and 224 of 
solid substances ; of the latter 20 parts were found to consist of soluble 
albumen and colouring matter, 20 parts of gelatine, 30 parts were extracted 
by alcohol, and the remaining 154 parts were composed of vessels and 
syntonine, the latter forming the basis of muscular tissue, and being 
allied to albumen in its jdiysical and chemical properties. Amongst the 
extractive matters which have been discovered by various chemists, may 
be enumerated creatine and creatinine, — uric, lactic, inosinic, formic, 
acetic, butyric, and other fatty acids, — some saccharine compounds, as 
inosite and amyloid sul^stance, — red pigment, mineral salts, especially 
those of potassium, and phosphates, with a certain proportion of carbonic 
acid and oxygen gases. — Some very interesting researches have been made 
by Hehnholtz|| on the chemical changes induced in the tissue by muscular 
action. Powerful contractions were induced by electricity in the ampu- 
tated leg of a frog, and were kej^t up as long as the irritability was 

* ‘‘Beale’s Archiv,” 1862, p. 227. 

t Note to Kolliker’s “Man. of Hum. Histology,” Syd. Soc. Trans., vol. i. p. 239. 

i Teiclimann, “Das Saugader System,” 1861, p. 100. 

§ See Kiihne, “ Ueber die Peripheric Endorgane der Motor Nerven,” 1862 ; Engel- 
mann, T. W., “ Untersuch. iib. d. Zusammeuhang v. Nerv- u. Muskel-faser,” Leipzig, 
1863; Kolliker, Croouian Lecture, 1862; Beale, “Archives of Medicine,” vol. iii. 
1862, p. 246 ; and Philosophical Transactions,” 1863. 

II “Mliller’s Archiv,” 1845. 
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detained ; the flesh of the two limbs was then analyzed, and it was found 
that in every instance the water extractive was diminished in the elec- 
trised muscle to the extent of from 20 to 24 per cent, whilst the alcoholic 
extract was increased to about the same amount, showing an increase in 
the proportion of those products which we know to result from the retro- 
grade metamorphosis of muscular substance consequent upon its func- 
tional activity. — Kanke,* pursuing the same line of research, has shown 
that the diminution in the contractile power of an exhausted (tetanized) 
muscle is essentially produced by the presence of lactic acid, associated 
no doubt with other products of disintegration in the substance of the 
tissue ; for whilst the injection of a stream of water confciining 0*5 per 
cent of common salt into the vessels rapidly restored the contractile 
poAvcr to the exhausted muscle, the introduction by the same means of 
the juice of muscle, and especially of* lactic acid in solution in water, 
immediately depressed or even altogether abolished the contractile 
property. Hence he draws the conclusion, that if due provision for the 
supply of nutritive and for the removal of disintegrated material be pre- 
sent, the tissue itself, however strenuously exerted, woidd still be capable 
of developing force ; and that the ftiilure of this power in ordinary circum- 
stances is attributable not to a deficiency of nutritive materials, but to 
inadequacy of the means requisite for the carrying-off of the waste pro- 
ducts generated by its action. 

G47. Develop^nent of ]\]usmilar Tissue . — In Man, according to Mr. 
Lockhart Clarke, j* Muscular Fibre can first be distinguished about the 
4th or 5th week of utero-gestation. In a foetus of three-fourths of 
an inch in length, it forms a gelatinous mass consisting of fibres and 
nuclei imbedded in a semifluid granular blastema. In the formation 
of the fibres, granidar processes of condensed blastema extend from 
the sides or from around the nuclei, which arc subsequently bounded 
by an investing sul^stance in the form of a band or fibre, sometimes 
plain, but sometimes longitudinally fibrillated. In these bands the 
transverse striation first makes its appearance, and only subsequently 
extends through the central band or axis. The muscular fibres vary in 
size at different parts, and they may sometimes be seen to increase in 
diameter by the adhesion of fresh nuclei and fresh jjrocesses of blastema. 
A very similar account has been given by Mr. Savory for the Mammalia 
generally, J except that in his observations the nuclei, at first irregu- 
larly distributed, were found to arrange themselves with great regularity 
in single rows, almost in contact with one another, the fibres being formed 
by the development of two nearly transparent bands enclosing and 
bounding the rows of nuclei ; subsequently the nuclei began to separate 
from one another, and ultimately broke-up into granules and disappeared. 
The striation began within the border and gradually extended to the 
centre. Increase in the size of the fibres was effected by the addition of 
fresh blastema to the outer side of existing fibres. From both descriptions 
it is obvious that the essential features of the process occur not in the nuclei, 
nor in cells, as was originally maintained by Schwann, but in a material 
which may be regarded as intercellular substance ; and Mr. Lockhart 

* Reichert and Du Bois-Reyraond’e “Archiv,” 1863, p. 422. 

t “ Proceedings of the Royal Society,” vol. xi. No. 48. 

X See Part ii. of the “Phil. Trans.” for 1865. 
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Clarke regards even involuntary muscular fibres as by no means product 
of a nucleated cell, but ratber as a kind of cell-formation, presenting at 
first a nucleus encrusted witb blastema, around which an investing sarcous 
substance representing the cell- wall is subsequently developed. 

648. The ordinary rate of N^itrition of the muscular tissue depends 
upon its functional activity. Every exertion of its vital contractility 
involves a waste or disintegration of a proportional amount of its 
substance ; and tlie products of the chemical changes which the tissue 
ordinarily undergoes when at rest, can easily be shown to be greatly 
increased in quantity. Hence upon the principle of ‘ the conserva- 
tion of force,’ it would appear that the power which previously mani- 
fested itself in the performance of the acts of growth and development, 
being now no longer directed to these objects, is expended in the 
form of mechanical power ; the organic compounds coincidently assuming 
much simpler forms, as is evidenced by the experiments of Helmholtz 
and of Dr. Ed. Smith, already referred-to (§§ 288 vii. 646). The increase 
of the demand for food occasioned by muscular activity is an indication 
that the nutritive operations are excited by it ; and the purpose of these 
can scarcely be anything else than the reparation of the loss which the 
muscle has sustained. Moreover, the irequently renewed exercise of 
muscle, by producing a determination of blood towards them, occasions 
an increase in their nutrition ; so that a large amoimt of new tissue is 
developed, and the muscles augment in size and vigour. This is true 
not only of the whole muscular system when equally exercised, but also 
of any particular set of muscles which is more used than another. Of 
the former we have an example in those who practise a system of gym- 
nastics adapted to call the various muscles alike into play ; and of the 
latter in the limbs of individuals who follow any calling that habitually 
requires the exertion of either pair, to the partial exclusion of the other, 
as the arms of the smith, or the legs of the opera-dan ccr. But this in- 
creased nutrition cannot take place unless an adequate supply of food be 
afforded ; and if the amount of nutritive material be insufficient, the 
result will be a progressive diminution in the size and power of the 
muscles, which will manifest itself the more rapidly as the amount of 
exertion, and consequently the degree of ivaste^ is greater. Nor can it be 
effected if the exercise be incessant, for it is during the intervals of 
repose that the reparation of the muscular tissue occurs ; and the Mus- 
cular system, like the Nervous, may be worn-out by incessant use. 
The more violent the action, the longer will be the period of subsequent 
repose required for the reparation of the tissue ; and the longest time will of 
course be requisite when (as sometimes occurs) the contractility of the 
muscle is so completely exhausted by excessive stimulation that no new mani- 
festation of it can be excited. It does not appear improbable that there is 
a provision in some Muscles, as the Heart and Eespiratory muscles, by 
which their nutrition is carried-on with unusual activity during the short 
period of repose which intervenes between two successive contractions. 

649. But, on the other hand, the muscular tissue, like all the softer and 
' more decomposable portions of the organized fabric, has a limited term of 

existence ; and hence, even if its contractility be not called into exercise, 
it undergoes a gradual disintegration, so soon as all tlie nutritive changes 
of its fibres are completed. This change seems to be a necessary con- 
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sequence of the high temperature of the bodies of warm-blooded animals; 
for it does not occur with nearly the same rapidity in cold-blooded 
animals, nor in the hybernating condition of certain warm-blooded 
Mammalia; indeed, when the temperature of the body is reduced to 
within a few degrees of the freezing point, no chemical change seems 
possible in muscle — its spontaneous decay and its vital activity being 
alike checked. Now, when a muscle or set of muscles in a warm-blooded 
animal is reduced to a state of prolonged inactivity, from whatever cause, 
its supply of blood is diminished, and its spontaneous decay is not compen- 
sated by an equally active renewal ; so that in time, the characters of the 
structure are changed, and its distinguishing properties are no longer pre- 
sented. Thus it was found by Dr. John Reid* that in a rabbit, a portion of 
whose sciatic nerve had been removed on one side, the muscles of that leg 
were but very feebly excited to contraction by galvanism after the lapse of 
seven weeks. The change in their nutrition was evident to the eye, and 
was made equally apparent by the balance. The muscles of the paralyzed 
limb were much paler, smaller, and softer than the corresponding muscles 
of the opposite leg, and they scarcely weighed more than half — ^being only 
170 grains, whilst the others were 327 grains. It was found also that a per- 
ceptible difference existed in the size of the bones of the leg, even after so 
short an interval had elapsed; the tibia and fibula of the paralyzed limb 
weighing only 81 grains, whilst those of the sound limb weighed 89 grains. 
On examining the muscular fibres with the microscope, it was found that 
those of the paralyzed leg were considerably smaller than those of the sound 
limb, presenting a somewhat shrivelled appearance, and that the longi- 
tudinal and transverse strise were much less distinct. So in persons whose 
lower extremities have been long disused, the muscles first become pale 
and flabby ; their bulk gradually diminishes ; their contractile force pro- 
gressively decreases, and at last departs almost entirely ; and their proper 
structure is replaced by a deposit of fat, in which few or no striated 
muscular fibres can be detected. But muscles that have for some time 
remained in this condition may be gradually brought back to their origi- 
nal state by exercise, provided that the feeblest contractility remains ; for 
every action which they can be made to perform determines an augmented 
flow of blood through the tissue, and gives rise to an improvement in its 
nutrition, which in its turn increases its contractility and renders it capable 
of more vigorous action. This principle is of great importance in the 
treatment of the various forms of paralysis (especially the hysterical), in 
which the muscles are thrown out of use by the suspension of the func- 
tional power of the nerves ; for when the latter have recovered their 
capacity, the muscles refuse obedience to their stimulation, and can only 
be brought to act Joj persevering and judiciously contrived exercise. — 
But notwithstanding the energy of nutrition in muscular tissue, the rapid 
interstitial change which takes place in it when actively exercised, and the 
complete restoration of its normal constitution after degeneration from 
disuse, it is doubtful if any true regeneration ever takes place in it, when 
there has been actual loss of substance. Wounds of muscles are united 
by connective tissue, which gradually becomes condensed, but the fibres 
of which never acquire any degree of contractility. 

* Monthly Journ. of Med. Science,” May, 1841 ; and “Physiological, Ana- 

tomical, and Pathological Researches,” p. 10. 
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650. Muscles exist in two states, the elongated and the contracted ; the 
former is usually termed their state of rfist^ in which they immediately 
respond to the application of stimuli, whether direct or indirect, by pass- 
ing into the active state of contraction. Dr. EadclifFe* has, however, ad- 
duced many arguments to show that the ordinarily received statement 
above given sliould be reversed, and that the state of elongation should be 
regarded as the really active condition of muscular fibre, in which all its 
vital properties and peculiarities are most strongly marked ; whilst the 
state of contraction is due to its being left to the infiuence of the attractive 
forces inherent in its molecules, the most energetic operation of which is 
seen in the rigor mortis. The physical, chemical, and electrical pro- 
perties of muscles difiTer considerably in the two states of elongation and 
contraction, and they may therefore be compared together. — In con- 
traction the muscles become softer, shorter, and thicker, and diminish 
slightly in volume, f Their elasticity and electrical relations are modi- 
fied, and heat and sound are produced. The amount of shortening 
which a muscle will undergo, bears a direct relation to the resistance ; 
and by opposing a sufficient resistance, the contractile power of the muscle 
may be powerfully exerted withoiit any contraction taking place. Under 
ordinary circumstances the striated muscles do not contract much more 
than one-third of their length, being restrained by the mechanical arrange- 
ments of the bones and j oints, and by the antagonistic muscles. But if a long 
muscle of a frog be removed from the body and powerfully stimulated, it 
will contract to one-fifth of its original length. The unstriped fibres will 
contract under favourable circumstances to about one- third of their length. 

051. The rapidity with which the mandates of the Will are communi- 
cated to and executed by the Muscles is immeasurable ; but Helmholtz 
has shown that if an electric spark, whose duration does not exceed one 
six- or seven-hundredth of a second, be allowed to strike a portion 
of fresh muscle, a measurable period, amounting to 1 or 2-lOOths of a 
second, intervenes before the commencement of contraction. This he 
terms the period of latent contraction or excitation. The contraction 
which then takes place is not sudden and comj)lete, but is divisible into 
two stages, in the first of which the muscle rapidly, and in the second 
more slowly, contracts till it attains its maximum; it then begins to 
elongate, at first slowly, and then more rapidly. The period of time which 
elapses from the instant that the stimulus is applied until the contraction 
is complete, increases generally with the amount of shortening, with the 
heaviness of the weight, and with the exhaustion of the muscle. In the 
Frog the entire time occupied in the contraction and subsequent elonga- 
tion of a muscle was about one-third of a second, of which 


Of a second. 

The period of latent excitation amounted to 0*02 

,, contraction ,, 0*180 

,, elongation ,, 0T05 


• 287 $ 

* See his ‘‘ Epileptic and other Convulsive Diseases of the Nervous System,” 3rd edit. 
1860, and his “ Lectures on Epilepsy, Pain, and Paralysis,” 1864. 

+ Harless, “ Abhand. Miinch. Akad.,” 1862, p. 357. 

$ See Helmholtz in Muller’s Archiv,” 1860, 1862 ; and Volkmanu in “Leipzig 
Berichte Math. Phys. Class.,” 1861. 



PHENOMENA ACCOMPANYING THE CONTKACTION OF MUSCULAR TISSUE. 681 


From the results of various experiments, Helmholtz satisfied himself that 
muscles require a longer time to develope their greatest force, as when 
heavy weights were raised, than when slight efforts only were made. 

652. From the inquiries of Mr. Bowman, it appears that the act of con- 
traction usually commences at the extremities of the fibre; but it frequently 
occurs also at one or more intermediate points. The first appearance 
is a spot more opaque than the rest, caused by the approximation of a 
few of the dark points of some of the fibrillae ; this spot usually extends 
in a short time through the whole diameter of the fibre ; and the shading 
caused by the approximation of the transverse striae increases in intensity. 
The striae are found to be two, three, or four times as numerous in the 
contracted as in the uncontracted part, and are also proportionally 
narrower and more delicate. The line of demarcation between the con- 
tracted and uncontracted portions is Avell defined ; but as the process 
goes on, fresh striae are absorbed as it were from the latter into the former. 
The contracted part augments in thickness, but not in a degree com- 
mensurate with its diminished length, so that its solid parts lie in 
smaller compass than before, — the fluid which previously intervened 
between them being pressed out in bullae under the sarcolemma. The 

Fig. 143. 



Muscular Fibre of Dytiscus, showinj? the contracted state in the centre; the strise approximated; 
the breadth of the hbie increased j and the myolenima raised in bull© on its surface. 


velocity with which the wave of contraction is propagated through muscle 
in Frogs has been ingeniously estimated by Aby* to be about 40 inches 
per second, or about 2G times slower than the propagation of a stimulus 
through the motor nerves. — The peculiar sound heard during the contrac- 
tion of striated muscle may be perceived, as suggested by Dr. Wollaston'j' 
by placing the tip of the little finger in the ear, and contracting the 
muscles of the ball of the thumb, or by powerfully exerting the muscles 
which close the jaw. It resembles the distant rumbling of carriage 
wheels, or an exceedingly rapid and fiiint tremulous vibration, which, 
when well marked, has an almost metallic tone. From various experi- 
ments made upon himself and others. Professor Haughton estimates that 
the number of vi^)rations varies from 32 to 36 per second. The sound 
may be readily conceived to depend upon the friction of the elements of 
the muscle, one upon another, which must thus be perpetually taking place 
so long as it continues in a state of activity. — The careful experiments of 
Helmholtz with a thermo-electric apparatus of extreme delicacy, have 
shown that in the muscles of Frogs a rise in temperature takes place during 
contraction, amounting to somewhat less than l-3rd of a degree Fahren- 

* *‘Canstatfs Berioht,” 1862, pp. 3 and 151. 

t “ Philosoph. Trans.,” 1811. 
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heit. Solger* and Meyerstein and Thiryf have observed that at the 
commencement of contraction a muscle becomes sensibly cooler than 
before. This effect lasts several seconds, and may perhaps be attributed 
to a diminution of the specific heat of muscle in contraction ; it is followed 
by a gradual increase in temperature, which, if the muscle be tetanized, 
continues for some time after contraction has ceased; and proceeds, in all 
probability, partly from the continuance of a more energetic process of 
oxidation, indicated by the increased production of carbonic acid, and 
partly from an increased flow of blood through the vessels of the muscle. 
According to Meyerstein and Thiny, the amount of heat generated is 
always in proportion to the amount of work done. 

653. Muscles, whether in the contracted or elongated state, possess a 
certain amount of elasticity. By this term is meant that force by which 
the particles of any substance, after being approximated to or separated 
from one another, strive to regain their original position. The elasticity 
of muscular fibre is small, but remarkably perfect ; for although it is 
extended ‘considerably by a light weight, it recovers itself completely on 
the removal of the extending force. J That it is exceedingly small, even 
during life, is shown, as Mansvelt has observed, § by the fact that in cases 
of paralysis of the third nerve the pupil is for some days brought quite 
into the middle of the space between the eyelids solely through the elastic 
contraction of the rectus internus ; a proof that its antagonist, in a state 
of elongation, exercises no force worth speaking of. On appending a small 
weight to a vertically-suspended fresh muscle, it at first elongates suddenly 
and considerably (the primary extension), then much more slowly (the 
secondary extension). On removing the weight, the same phenomena 
appear in inverse order ; a considerable primary, and a more gradual and 
smaller secondary retraction. With small weights the increase in length 
is proportional to the weight ; with heavier weights a greater proportional 
weight is required to produce the same amount of extension, as is shown 
in the following experiment made by WeberJ with the Hypoglossus of a 
Frog 


Weight in Grammes 
BuccesBively applied 
to the Muscle. 

Length of the Muscle 
in Millimetres. 

Extension. 

In Man. 

Per Cent. 

0-3 

24-9 



1-3 

30*0 

5-1 

20 

2-3 

32*3 

2*3 

7 

3*3 

33-4 

1*1 

3 

4-3 

34-2 

0‘8 

2 

5-3 

34-6 

0-4 

1 


Mansvelt, however, deduces as the principal result of his experiments, that 
living muscle is, at least within certain limits, extended in proportion to 

* “Studien des Physiolog. Instituts zu Breslau,” 1863, p. 125, 

t Henle and Pfeuflfer’s ‘^Zeits. f. Rat. Med.,” band xx. 1863, p. 45. 

t Heidenbain, “Studien,” Berlin, 1856 ; and Wundt, ^‘Muller’s Archiv,” 1857. 

§ See a Review of his work in the “Med.-Chir. Rev,” for 1864, p. 448, vol. i. 

ii ** Wagner’s Handworterbuch,” band iii. p. 54. 
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the increase of the weights, each fibre elongating about 1 per cent of its 
length for each 65 th of a grain weight appended to it. According to 
Wundt, the weight which is required to extend afresh muscle of 1 square 
millimetre (l-25th of an inch) sectional area, twice its length, is 2 oz. 
The muscles are constantly in a state of slight tension, as is shown by the 
separation of their extremities when cut ; but it would obviously have 
seriously interfered with their action had a high degree of elasticity been 
conferred upon them, since antagonistic muscles would have had this, in 
addition to all other resistances, to overcome, before movement could be 
effected. Weber has shown that the elasticity of muscles diminishes 
during contraction. lie applied a weight of 115 grains to an elongated 
muscle. On the addition of another weight of 1 5 J grains, the amount 
of extension which took place was about 1-1 44th of its length ; 
but on repeating the same experiment with a contracted muscle, the 
extension was as much as l-79th of its length, sliowing that the 
extensibility was greater in the latter case than in the former. The 
exhaustion of a muscle greatly increases its extensibility up to a certain 
point, after which it again diminishes. Thus, when a portion of muscle 
was weighted with 115 grains, its greatest extension occurred when it had 
been made to contract 43 times; when weighted with 193 grains after 23 
contractions; and lastly, when weighted with 424 grains at the 8 th contrac- 
tion. It was even found that, by appropriate weighting, a muscle on being 
stimulated to contract might actually become longer instead of shorter. 

654. Electrical lielations of Muscle, — ^As we have already seen in 
the Nerves, so in the Muscles it is easy to furnish evidence of electrical 
disturbance. Tlie conditions of the ^ Muscular current ’ have been made the 
subject of special investigation by M. du Bois-Reymond ; and the follow- 
ing is an outline of the results at which he has arrived, for the due compre- 
hension of which, however, it is requisite that the terms employed by him 
should be first defined. — The entire muscle being composed of a mass of 
fibres, having a generally-parallel direction, and attached at their extre- 
mities to tendinous structure (which has in itself but little or no electro- 
motor power, but is a conductor of electricity), it follows that the tendon 
or tendinous portion of a muscle represents a surface formed by the bases 
of the muscular fibres considered as prisms, which may be designated its 
natural transverse section. On the other hand, the fleshy surface of the 
muscle, which is formed only by the sides of the fibres considered as 
prisms, may be regarded as the natural longitudinal section of the muscle. 
Again, if a muscle be divided in a direction more or less perpendicular 
to its fibres, an artificial transverse section will be made ; whilst if the 
muscle be torn lengthways in the direction of its fibres, an artificial 
longitudinal section will be made ; and these artificial sections show the 
same electric conditions with their corresponding natural sections. Now, 
experiments repeated in a great variety of modes demonstrate, that every 
point in the natural or artificial longitudinal section of a muscle is positive 
in relation to every part of its transverse section^ whether natural or arti-- 
ficial ; the most powerful influence on the galvanometer being produced, 
when a portion of the surface (or natural longitudinal section) of a muscle 
is laid upon one of the electrodes, and a portion of the surface formed by 
cutting the muscle across (or artificial transverse section) is placed against 
the other. When the two tendinous extremities of a muscle whose form 
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is symmetrical or nearly so, are placed against the electrodes, the deflection 
of the needle of the galvanometer is but slight ; and the same is the case 
with two transverse sections taken at equal distances from the two ends 
of the muscle, and also with two points of the longitudinal section which 
are equally distant from the middle of its length. But if the two points 
of the longitudinal section applied to the electrodes be not equally distant 
from the centre of the muscle, then the point which is nearest to the centre 
is positive to the one which is nearest to the end ; and, in like manner, 
when the different parts of the transverse section are tested in regard to 
each other, the points lying nearest the surface of the muscle are found to 
be positive to those nearest its interior. The intensity of the current, 
however, between any two points in the same section — whetlier trans- 
verse or longitudinal — is always incomparably less tlian that of the 
currents which are obtained between two j)oints in different sections, 
one in the longitudinal and the other in the transverse. These results 
may be obtained, not merely with the entire Muscle, but with insulated 
portions of it ; and even, as we are assured by M. du Bois-Reymond, 
with a single primitive fasciculus. Hence tliere appear to be good 
grounds for believing that every integral part of the muscular substance 
is a centre of electro-motor action, containing within itself positive 
and negative elements, arranged, as we have already seen in the case 

of the nerves (§ 453), in a dipolar series 1- 4- — , — + H . And 

further, that the current shown by the entire muscle when made to form 
part of a circuit is a derived current, produced by incomparably more 
intense currents circulating in the interior of the muscle around these 
ultimate particles ; varying in intensity according to the mode in which 
these particles are arranged, but usually increasing both with the length 
and thickness of the muscle. 

655. That a change in the electric state of a Muscle takes-placc in the 
act of contraction, had been ascertained by the experiments of Prof. 
Matteucci but as he was only able to detect this by tlie galvaiioscopic 
frog (the galvanometer wliich he employed not giving unquestionable in- 
dications of it), he was not able to determine its nature with accuracy. 
This has been accomplished, however, by M. du Bois-Reymond ; who 
has shown that during contraction the muscular current is not increased 
(as supposed by Matteucci), but is diminished and even reduced to zero. 
In order to exhibit this phenomenon satisfactorily, it is found advantageous 
to cause the muscle to contract powerfrilly or uninterruptedly for as long 
a time as possible, that is, to tetanize it ; and this may be effected by 
acting violently on its nerve by heat, chemical agents, or a succession of 
electric shocks ; or by poisoning the animal with strychnia. In what- 
ever mode the tetanized state is induced, the same result follows ; — the 
needle of the galvanometer passes-over to the negative side. This, how- 
ever, does not indicate (as might be at first supposed) the development of 
a new current during the contraction, in a direction opposite to that 
which prevails during rest; but, according to M. du Bois-Reymond, it is the 
consequence of the ‘ secondary polarity ’*]• which is evolved in the platinum 

* See his successive Memoirs in “Philos. Transact.*’ for 1846, 1847, and 1860. 

t When the electromotor body is removed, and the two electrodes (platinum plates 
immersed in a saturated solution of common salt) are connected by some imperfectly 
conducting body, a secondary current is manifested in the reverse direction to the first, 
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electrodes, as soon as the muscular current is diminished; the needle 
passing from the positive to the negative side, as soon as the current of 
the secondary polarity becomes more powerful than the original muscular 
current. This negative deflection of the needle at the moment of con- 
traction, is always proportionate to the actual intensity of the current of 
the muscle while at rest ; and it ceases as soon as the tetanic contraction 
ceases, after which the muscular current gradually recovers its previous 
intensity. — Dr. Kadclifte* has offered a different explanation of the pheno- 
mena, and has endeavoured to show that “ the primary electrical condi- 
tion of living muscle,” as well as of living nerve “ during the state of in- 
action, is that of statical electricity,” and that the muscular current and 
nerve current v/hicli may pass from the muscle or nerve during the state 
of inaction are only secondary phenomena. He regards the absence of 
indications of electricity during the contraction of muscle as simply due 
to a discharge of the natural statical electricity resident in the muscle, the 
presence of which had previously maintained the muscle in an elongated 
state. It ap^iears, however, certain that the contraction of a muscle is at- 
tended with a marked dimimition of its electroinotiue power ; a fact which 
seems to harmonize well with the general views already adverted-to in 
regard to the ‘ Correlation of Forces the changes which operate to pro- 
duce disturbance of electric equilibrium whilst the muscle is at rest, being 
concerned in the development of motor power when it is thrown into 
contraction. This alteration has been demonstrated by M. du Bois- 
Iteymoiid in the living animal, after the following manner. ^Jflie two 
feet of a live frog were immersed in the two connecting vessels, but one 
of the legs was paralyzed by division of its sciatic plexus ; the muscular 
currents of the muscles of the two limbs neutralized each other, so long 
as they remained at rest ; but upon the frog being poisoned with strych- 
nia, so that tetanic convulsions occurred in one limb whilst the other 
remained motionless, the current in the former limb was weakened, 
whilst that of the other remained unaffected, and a deflection of the 
needle took place, indicating an upward current in the paralyzed limb 
and a downward CTirreiit in the tetanized one. The same thing may be 
shown in the Human subject, by dipping the forefingers of the two hands 
into the two conducting vessels connected with the galvanometer, so that 
the two arms are included in opposite directions in the circuit ; when if, 
after the needle (which usually undergoes a temporary disturbance on 
their first immersion) has come to a state of rest, all the muscles of one of 
the arms be strongly and permanently contracted, so as to give them the 
greatest possible tension without changing the position of the arm, the 
needle is instantly deflected, always indicating a current from the hand to 
the shoulder, that is, an upward current in the contracted arm. Hence, 

the needle being deflected to the other side ; this is caused by the electro-chemical reac- 
tion of the substances which the current of animal electricity has evolved on the pla- 
tinum plates by means of its electrolytic action ; and its occurrence is often a useful and 
valuable confirmation 'of the first result, as showing that the primary deflection really 
was the consequence of the presence of an electromotor. When the electromotive action, 
moreover, is very weak, it may be made more evident by reversing the position of the 
electromotor, without first replacing the connecter ; so that the action which it will then 
exert in the reverse direction, will be strengthened by the secondary current developed 
by the previous action. 

* In his “ Lectures on Epilepsy, Pain, Paralysis, and certain other Disorders of the 
Nervous System,” 1864, 
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according to the explanation just given, the contracted arm plays the part 
of the native metal in the circuit, in regard to the arm whose muscles 
remain in the state of relaxation, showing that the normal current will be 
a downward one. — This change, however, is so extremely slight, that a 
very delicate galvanometer is requisite to render it perceptible. Its 
intensity depends very much on the muscular energy of the experimenter ; 
and even the greater power which the right arm usually possesses becomes 
perceptible in the greater deflection of the needle when it is put in action.* 
656. The contractility of the muscles may be called into play either 
directly by stimuli applied to the tissue itself, or indirectly by agents 
exciting the motor nerves. The contraction which follows in the latter 
instance is termed by Schifl* neuro-muscular, and in the striated muscles 
is sudden, general, and energetic; but when mechanical irritation is 
directly applied to a muscle the tissue itself responds to the stimulus, pro- 
ducing what Schiff has termed idio-muscular contraction. It may be 
observed in the manner first described by Dr. Stokesf by percussing the 
pectoralis muscle of emaciated patients, or by drawing the back of a knife 
across a muscle after all signs of irritability on the application of stimuli 
to the motor nerve have ceased ; and presents itself as a swelling or intu- 
mescence a few lines broad and high, but varying with the strength of the 
blow, lasting for four or five seconds, and slowly disappearing. A 
further phenomenon has been noticed in the same muscles by Auerbach J 
after an energetic blow ; namely, a wave or undulating contraction, pro- 
ceeding from either side of the local intumescence of Schiff, and propa- 
gating itself to the extremity of the muscle at the rate of about eighteen 
inches per second. The breadth of the waves is about a quarter of an 
inch at their base, and they gradually die out as they spread from the 
point struck. It is doubtful whether both of these appearances are not 
due simply to a prolonged contraction of the muscle, resulting from 
exhaustion of its contractility at the excited spot. Sudden variations of 
temperature induce persistent contraction of muscular tissue ; thus the 
legs of a frog, dipped into water at a temperature either as high as 130° 
or as low as 25° Fahr., become tetanized. As regards chemical agents, 
some appear to act with equal energy in producing contraction, whether 
applied to the muscle or to the motor nerve, as solutions of potash and 
soda ; others, as creosote, alcohol, pure lactic acid, and glycerine, act on 
the muscle through the nerve, but possess little stimulating power when 
directly applied to the muscle ; and others again excite energetic contrac- 
tion when made to act immediately on the muscle, but scarcely operate 
through the nerve, as sulphate of copper and ammonia. § 

* Of this very remarkable experiment, which was first made by M. du Bois-Reymond, 
the Author has himself (through that gentleman’s kindness) been a witness ; and he 
cannot entertain the least doubt as to the genuineness of the phenomenon. — The success 
of M. du BoiS'Reymond in these and similar investigations, is doubtless due in great part 
to the marvellous sensitiveness of the galvanometer he employs, the coils of which con- 
sist of three miles of wire, as well as to the perfection of the various arrangements by 
whyh he is enabled to avoid or eliminate sources of error ; but it must be attributed in 
great part also to the philosophic method on which his inquiries are planned, and to the 
skill and perseverance with which they are carried-out. 

+ **On Diseases of the Chest,” p. 397. 

t '' Abhand. der Schleswig Gesells.,’* 1861, p. 294. 

§ See Dr. Duffin's paper * On Muscular Contraction,* in Beale’s ‘ * Archives of Medi- 
cine,** vol. iii. p. 147 ; and Kiihnein “Archivf. Anat. und Physiologic, ” 1859, p. 213. 
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657 . The contractions of the Heart present some differences from those 
of ordinary striated muscular tissue, probably depending upon the peculiar 
arrangement of its fibres, whereby the contraction of one set gives a 
mechanical stimulation to others ; for the muscular substance of a large 
part of the organ is thrown into rapid and energetic contraction by a 
stimulus applied at any one point, and this contraction is speedily followed 
by relaxation, which is again succeeded by a number of alternating con- 
tractions and relaxations. On the other hand, if we apply a similar irri- 
tation to a portion of non-striated fibre, as that of the Intestinal Canal, the 
fasciculus which is stimulated will contract less suddenly, but ultimately 
to a greater amount ; its relaxation will be less speedy, and before it takes 
place, other fasciculi in the neighbourhood begin to contract ; their con- 
traction propagates itself to others, and so on. In this manner consecutive 
contractions and relaxations may be produced through a considerable part 
of the canal by a single prick with a scalpel. Again, in the muscular 
structure of the Bladder and Uterus (when the latter is fully developed), 
direct irritation excites immediate and powerful contractions, which 
extend beyond the fasciculus actually irritated, and produce a great 
degree of shortening ; but they do not alternate in the healthy state with 
any rapid and decided elongation. Similar phenomena may be observed 
on irritation of the smaller arteries. — The effects of electrical stimulation 
applied to the muscles themselves are very similar ; but it is more diffi- 
cult to confine the irritation to particular fasciculi of a voluntary muscle, 
and more easy to throw the whole mass into contraction at once by the 
transmission of a slight charge through it ; and on certain forms of tlie 
non-striated fibre the electric stimulus produces effects more decided than 
can be evoked in any other way. The difference in the endowments of 
the two kinds of tissue is particularly well seen when they are subjected 
to the magneto-galvanic apparatus, which transmits a rapid succession of 
slight electric shocks ; for these in the striated muscles immediately excite 
a state of rigid contraction, which lasts as long as the stimulus is trans- 
mitted, but ceases immediately that it is withdrawn ; wliilst in the non- 
striated fibres the contraction is slowly excited, sometimes alternates with 
rest, and continues for a time after the electric discharges have ceased. 
Of this form of contractility, the muscular coats of the smaller arteries 
afford a particularly good example ; for they may be made to contract by 
the magneto-galvanic apparatus until they become quite impervious to 
blood ; and yet the contraction neither takes place immediately upon the 
application of the stimulus, nor does ft give place to relaxation directly 
that it is intermitted.* 

658. On the other hand, when the Stimuli which excite muscular con- 
tractility are applied to the nerves which supply any muscle composed of 
striated fibre (the heart only excepted), they produce a simultaneous con- 
traction in the whole muscle, the effect of the stimulus being at once 
exerted upon every part of it. In order to obtain the full contraction of 
a muscle by irritation applied to the nerves, it is requisite that the stimulus 
should be applied for a certain length of time ; thus Budgef found that 
when an electric current was passed through the cervical region of the 

* See Prof. Weber’s researches on this subject in Wagner’s ** Handwbrterbuoh der 
Physiologie,” Art, ‘Muskelbewegung,’ and “Muller’s Archiv,” 1847, bandii. 

t “ Physiologie,” 1862, p. 660. 
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spinal cord of a rabbit for the space of half a second, the pupil dilated 
about one-sixth of an inch ; but on continuing the application for three 
seconds, dilatation occurred to the extent of nearly one-third of an inch. 
In all cases relaxation speedily alternates with contraction, unless the 
.operation of the stimulus be continued — ^as when an electric, current is 
propagated without intermission along the nerve-trunks — in which case 
the contraction lasts as long as the stimulus is continuously applied, but 
ceases as soon as it is withdrawn. The singular “ inhibitory” effects 
produced by irritation of some nerves, as the pneumogastric and splanch- 
nic, have already (§§ 74, 216) been alluded- to ; but further experiments 
are still required before it can be admitted that any nerve can really 
transmit a “ stimulus to relaxation” on the part of the muscle to which it 
is distributed. 

659. The general fact that relaxation alternates with contraction 
at no long intervals, is most evident in the rhythmical movements of 
the Heart* and in the peristaltic action of the Intestinal Canal ; since in 
these parts the whole or a large proportion of the fibres seem to contract 
together, and then shortly relax. But this is probably no less true of 
the individual fibres of those muscles which are kept in contraction by a 
stimulus transmitted through their nerves ; since none of them appear, 
imder ordinary circumstances at least, to remain in a contracted state for 
any length of time, a constant interchange of condition taking place 
among the fibres, some contracting while others are relaxing, and vice 
versd. It is difficult to speak with confidence, however, in regard to the 
condition of the individual fibres of a muscle that is thrown into a state 
of continued spasmodic contraction. Whether the individual fibres in such 
instances maintain a state of contraction without intermission, or whether 
the contraction of the entire muscle is kept-up by a continual interchange 
of the fibres actually engaged, is a very curious subject for inquiry. 

660. Muscles do not lose their Irritability immediately on the general 
death of the system, which must be considered as taking place when the 
circulation ceases without the power of renewal ; in cold-blooded animals 
it is retained much longer after this period than in the higher Yertebrata, 
in some of which it disappears within an hour. The muscles of young 
animals generally retain their irritability for a longer time than those of 
adults ; on the other hand, those of Birds lose their irritability sooner 
than those of Mammalia. Hence, as a general rule, the duration of the 
irritability is inversely as the amount of respiration. From experiments 
on the bodies of executed criminals who were previously in good health, 

* Some curious rhythmical movements have been observed by M. Brown -Sequard 
(“ Gaz. M6d.,” 1849) in the diaphragm, in the intercostals, and in some of the muscles of 
locomotion, both after death and after section of their nerves during life. These move- 
ments could not be in any way dependent upon reflex action, because they took place when 
the muscles were completely cut off from the nervous centres, sometimes to the number of 
from 5 to 20 in a minute, and for as long as a quarter of an hour after death ; and occa- 
sionally recurred in living animals for many months afterwards, especially when the 
respiration was impeded and the circulation hurried. Of a similar nature are the vibra- 
tory movements of the muscles of the tongue witnessed by Schiff after section of the 
Hypoglossals (“ Physiologie,” 1859, p, 177) ; and we may perhaps refer to the same cate- 
gory the trembling movements of the hands and head in old age, in certain forms of 
paralysis, and in habitual drunkards and smokers. All these cases furnish evidence of a 
tendency to rhythmical movements in the muscles themselves, altogether independent of 
the excitement to action which they receive through the nervous system. 
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Nysten ascertained that in the Human subject the irritability of the 
several muscular structures disappears in the following time and order: — 
The left ventricle of the heart first, the intestinal canal at the end of 45 
or 55 minutes, the urinary bladder nearly at the same time, the right 
ventricle after the lapse of an hour ; the oesophagus at the expiration of 
an hour and a half, the iris a quarter of an hour later ; the muscles of 
animal life somewhat later; and lastly, the auricles of the heart, especially 
the right, which in one instance contracted under the influence of 
galvanism 16 J hours after death. It will be presently shown that the 
departure of the irritability is essentially dependent upon the cessation of 
the circulation, and that it may be prevented from disappearing, and may 
even be recalled after it has ceased to manifest itself, by transmitting a 
current of arterial blood through the muscles. 

661. Muscular Irritability is deadened by many substances, and especially 
by those which have a narcotic or sedative action on the nervous system. 
In carbonic acid ga*s, hydrogen, carbonic oxide, or sulphurous acid gas, 
muscles contract very feebly, or not at all, when stimulated ; whilst in 
oxygen they retain their irritability longer than usual. Narcotic sub- 
stances, such as a watery solution of opium, when applied direetly to the 
muscles, have an immediate and powerful effect in diminishing or even 
destroying their irritability ; this effect is also produced, though in a less 
powerful degree, by injecting these substances into the blood. In the 
same manner venous blood charged with carbonic acid, and deficient in 
oxygen, has the effect of a poison upon the muscles, diminishing their 
irritability, when it continues to circulate through them, to such a degree 
that they sometimes lose it almost as soon as the circulation ceases, as is 
seen in those who have died from gradual and therefore prolonged 
asphyxia. The unfavourable influence of venous blood is also shown in 
the Morbus Cceruleus, patients affected with which are incapable of any 
considerable muscular exertion. Although most of the stimuli which 
occasion the contraction of muscles, when directly applied to their fibres, 
operate also when applied to their motor nerves, the same does not hold 
good in regard to those agents which diminish irritability. It is a fact of 
some importance in relation to the disputed question of the connection of 
muscular irritability with the nervous system, that when, by the application 
of narcotic substances to the nerves, their vital properties are destroyed, the 
irritability of the muscle may remain for some time longer, showing that the 
latter must be independent of the former. — The effects produced by the 
Woorara and Upas Antiar poisons in this respect are exceedingly 
curious, and have been carefully studied by Bernard* and others. Woorara 
(and, according to Kdlliker, Conia also) appears to act directly upon the 
motor nerves, whilst Cyanide of Potassium and the poison of the 
Upas Antiar abolish the irritability of the muscular tissue itself. The 
evidence given by Bernard in proof of these statements is very satisfactory, 
for he has shown that the cause of death after the administration of a 
suflicient dose of Woorara is the cessation of the respiratory movements 
owing to paralysis of the motor nerves ; for not only has it been proved 
by V. Bezold that by this agent the rapidity of the conduction of stimuli 

* See Lis Lecture in “Med. Times and dazette,” 1860, vol. ii. ; also A. v. Bezold in 
‘^Monats BericLt der Berlin. Akad.,”1859 ; and Martin-Magron and Buisson in “Journal 
de la Physiologie,” 1860. 
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througli the motor nerves is greatly reduced and ultimately abolished, 
but it is certain that perfect recovery may take place if artificial respira- 
tion be maintained for a sufficient length of time to enable the poison to 
be eliminated from the system or decomposed within it ; whilst in fmtuses, 
and during the earlier stages of existence of fishes and other animals that 
are not directly dependent upon muscular movements for the aeration 
of their blood, this being accomplished by the umbilical vesicle, little or 
no injurious effect is experienced, the animals continuing to swim about 
in a watery solution of the poison without apparent inconvenience. That 
the sensory nerves are not affected seems to be proved by the experi- 
ments of Kolliker and Funke, who observed that reflex actions could 
readily be excited in parts kept free by the ligature of their vessels from 
the circulation of poisoned blood, on pricking or pinching the skin of 
parts poisoned by the admission of blood containing Woorara. The influ- 
ence of the poison seems to be first felt by the peripheral extremities of 
the nerves, and its paralyzing effect gradually extends centripetally 
through the trunks of the nerves.* — An additional argument may be men- 
tioned in favour of the essential independency of muscular irritability, in 
the circumstance that, although spontaneous movements occur in the 
muscles of embryos, the muscles cannot, in the earlier periods of foetal 
life, be incited to contract by stimuli directly applied to their nerves. — 
Dr. Ilarlessf again found that when the Nervous system had been ren- 
dered, by the inhalation of ether, utterly incapable of conveying a galvanic 
stimulus applied either to the nervoTis centres or to the nerve-trunks, 
the same stimulus applied directly to the muscles would immediately 
throw them into powerful contraction. Various other experimenters have 
shown that when the nerves supplying the muscles of a limb are divided 
and the animals are allowed to live, excitants applied to the nerves beyond 
the point of division fail to produce muscular contraction long before 
they cease to do so when applied to the muscles themselves. Hence it is 
obvious that the activity of the Nervous system is not essential to the 
manifestation of the characteristic endowment of the Muscular. 

662. We find, however, that sudden and severe injuries of the Nervous 
centres have power to mpair^ directly and instantaneously, or even to 
destroy the contractility of the whole Muscular system ; so that death 
immediately results, and no irritability subsequently remains. It is in 
this manner that the sudden destruction of the brain and spinal cord, 
especially of the latter, occasions the immediate cessiition of the heart’s 
action, though they may be gradually removed without any considerable 
effect upon it. Severe concussion has the same effect ; hence the syncope 
which immediately displays itself. It is sometimes an important question 
in forensic medicine, whether an individual who has died from the effects 
of a blow upon the head, could have moved from the place where the 
blow was inflicted. If there be found, as is frequently the case, no sensible 
disorganization of the brain, the death must be attributed to the con- 
cussion, aind must have been in that case immediate. If, on the other 

* In Funke’s “ Physiologie” (4th edit., 1863) a very long section is devoted to the 
action of Woorara, which he concludes by observing that the results of experiments with 
this poison do not enable us to decide with absolute certainty on the existence of an 
independent muscular irritability. Upon the whole, however, they appear in his opinion 
to favour that view. 

+ "MiiUer’s Archiv,’* 1847, band ii. 
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hand, eiFusion of blood has taken place within the cranium to any con- 
siderable extent, it is probable that the first effects of the blow were in 
some degree recovered-from, and that the circulation was re-established. 
It is not essential, however, that the impression should be primarily made 
upon the Cerebro- Spinal system. The well-known fact of sudden death 
not unfrequently resulting from a blow on the stomach, especially after a 
full meal, without any perceptible lesion of the viscera, clearly indicates 
that an impression upon the widely-spread caeliac plexus of Sympathetic 
nerves (which will be much more extensively communicated to them when 
the stomach is full than when it is empty) may cause the immediate 
cessation of the heart’s action, in the same manner as a violent injury of 
the brain or spinal cord. In all these cases the whole vitality of the 
system appears to be destroyed at once ; for the processes which would 
otherwise succeed to the injury, and which after other kinds of death less 
sudden in their character, produce evident changes in the part of the 
surface that has immediately received it, are here entirely prevented. An 
instance is on record in which a criminal under sentence of death deter- 
mined to anticipate the law by self-destruction. Having no other means 
of accomplishing his purpose, he stooped his head and ran violently against 
the wall of his cell ; he immediately fell dead, and no mark of contusion 
showed itself on his forehead. The same absence of the usual results is 
to be noticed in the case of blows on the stomach. The influence of 
severe impressions on the nervous system in diminishing^ when it does not 
altogether destroy, muscular irritability, is well seen in the operation of 
severe injuries affecting vital organs, or extending over a large part of the 
surface, in depressing the heart’s action ; to which attention has already 
been directed (§ 21G). 

663. From a general consideration of the phenomena of Irritability, we 
can scarcely do otherwise than acquiesce fully in the doctrine of HaUer, 
which involves no hypothesis, and which is perfectly conformable to the 
analogy of other departments of Physiology. He regarded every part of 
the body which is endowed with irritability as possessing that property in 
and by itself ; but considered that the property is subjected to excitement 
and control from the nervous system, the agency of which is one of the 
stimuli that can call it into operation. It may be desirable briefly to 
sum up the facts by which this doctrine is supported. 1. The exist- 
ence in vegetables of irritable tissues, which are excited to contraction 
by stimuli directly applied to themselves, and which can be in no way 
dependent upon or influenced by a nervous system. 2. The existence in 
animals of a form of muscular tissue which is especially connected with 
the maintenance of the organic functions, and which is much more readily 
excited to action by direct stimulation than it is by nervous agency. 
3. The fact that by the agency of these the organic functions may go on 
(so long as their requisite conditions are supplied) after the removal of 
the nervous centres (of the Cerebro- Sj)inal system at least), and w^hen these 
were never present; rendering it next to certain that their ordinary 
operations are not dependent upon any stimuli received through the nerves, 
but upon those directly applied to themselves. 4. The persistence of 
irritability in muscles, for some time after the nerves have ceased to be 
able to convey to them the effects of stimuli : this is constantly seen in 
regard to the Sympathetic system of nerves, and the muscles of organic 
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life upon which they operate ; and it is shown, by the agency of narcotics, 
to be true also with respect to the Cerebro- Spinal system and the muscles 
of Animal life. 5. The continuance of irritability in the muscles after 
their complete isolation from the nervous centres, so long as their nutrition 
is unimpaired ; and the effects of frequent exercise in preventing the im- 
pairment of the nutrition and the loss of irritability. 6. The recovery 
of the irritability of muscles, when isolated from the nervous centres, after 
it has been exhausted by repeated stimulation : this also depends upon 
the healthy performance of the nutritive actions. 7. The existence of 
certain poisons which appear to possess a directly depressing effect on the 
conducting power of motor nerves, without exerting any influence upon 
the irritability of muscles. 8. The existence of certain tracts of muscular 
tissue, as those, for instance, of the walls of the umbilical vessels, which 
according to Virchow, whilst possessing considerable irritability, show no 
trace of nervous tissue. In the words of Dr. Alison, then, “ the only 
ascertained final cause of all endowments bestowed on nerves in relation 
to muscles, in the living body, appears to be not to make muscles 
irritable, but to subject their irritability in different ways to the dominion 
of the acts and feelings of the mind,” — to its volitions, emotions, and 
instinctive determinations.* 

664. There can be no question that the condition most essential to the 
maintenance of muscular contractility is an adequate supply of arterial 
blood. It is well known that when a ligature is applied to a large arte- 
rial trunk in the Human subject, there is not only a deficiency of sen- 
sibility in the surface, but also a partial or complete suspension of mus- 
cular power, until the collateral circulation is established. The same 
result has been constantly attained in experiments upon the lower 
animals ; the contractility of the muscle being impaired or altogether 
extinguished when the flow of blood into it was arrested, and being 
recovered again when the supply of blood was restored. — The various 
experiments of M. Brown- Sequard*(* on this subject are still more satis- 
factory, as showing that the contractility of muscles, whether of the 
striated or smooth variety, may be restored by the transmission of aerated 
blood through them, after it has entirely ceased, and has even given 
place to cadaveric rigidity. Thus he found that when he connected 
the aorta and vena cava of the body of a rabbit which had been some 
time dead, and in which the cadaveric rigidity had already manifested 
itself for between ten and twenty minutes, with the corresponding vessels 
of a living rabbit, so as to re-establish the circulation in the lower ex- 
tremities, the rigidity disappeared in from six to ten minutes, and in two 
or three minutes afterwards the muscles contracted on being stimulated. 
He subsequently made similar experiments upon the muscles of a deca- 
pitated criminal ; the hand .being selected as a convenient part for the 
purpose. It was not until nearly 12^ hours after death that all traces 
of irritability had left the muscles, and the injection was not commenced 
until 45 minutes after this, cadaveric rigidity having appeared in the 

* For a good resume of the arguments for and against the theory of independent irri- 
tability in muscles, see a paper by Dr. H. N. Maclaurin in “Edinb. Med. Journal,” 
July, 1868. 

t See Gazette M^icale,” 1861, Nos, 24 and 27 ; and “Journal de la Physiologie,” 
1868, voL i. pp. 96-868-729. 
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interval. About half a pound of human blood which had been defibri- 
nated and freely exposed to the air so as to acquire the arterial tint, was 
then injected at intervals for about thirty-five minutes; ten minutes after 
the last injection the greater number of the muscles were found to be 
irritable, and these remained so for two hours, after which the contracti- 
lity gradually departed, and was succeeded by cadaveric rigidity. The 
blood which had been injected in an arterialized condition, issued from 
the vessels quite dark ; and as this occurred over and over again, the 
change of hue could not be attributed to anything else than the reaction 
between the blood and the tissues. — Similar exj)eriments were made 
twenty-seven hours after death, upon the muscles of the foot of the same 
criminal ; but with an entirely negative result, save that the blood which 
was injected returned of a considerably darker hue. — Still more recent 
experiments have shown that in order that the muscles should retain 
their elongated condition, it is necessary that they should be supplied 
with arterial blood, the passage of venous blood through their capillaries 
immediately inducing contraction. This was remarkably exemplified in 
an experiment made by M. Brown- S^quard upon a pregnant rabbit, in 
which the injection of venous blood into the uterine vessels immediately 
excited the organ to contract, and caused the expulsion of two or three 
foetuses, whilst on injecting arterial blood all signs of contraction imme- 
diately passed oft. It is doubtful whether the stimulus to contraction in 
these cases is the presence of carbonic acid, or whether, as Dr. Radclifte^ 
supposes, it is not rather to be attributed to a deficiency of oxygen, 
the readmission of which restores the vital properties of the muscle and 
induces its elongation. The latter view is certainly supported by the 
violent convulsions which occur in animals that are bled to death ; and 
even the convulsions which are witnessed in asj)hyxia, when the con- 
tracted state of the small arteries (§ 299) and the consequent diminished 
transmission of blood through the capillaries are borne in mind, are not 
unfavourable to it. Dr. Radcliffe has adduced the interesting experi- 
ments of Dr. George Harleyf upon the influence of the addition of 
strychnia and brucia to blood, as essentially confirmatory of his view ; 
since these poisons prevent the blood from absorbing oxygen, and their 
action may thus be said to be equivalent to a copious loss of blood. 

665. Whilst the Irritability of Muscles is gradually departing after 
death, it not unfrequently shows itself under a peculiar form ; for, instead 
of producing sudden contractions, speedily followed by relaxation, the 
application of Stimuli then occasions slow and somewhat prolonged con- 
tractions, the relaxation after which is tardy. This form of contraction 
is seldom seen in adult Mammalia, except (as will be presently shown) 
when death has taken place from cerkiiii diseases that have a special in- 
fluence on the blood and muscular system ; but it is stated by M. Brown- 
S^quardJ to present itself more constantly in young animals, and to be 
(so to speak) an exaggeration of the ordinary modus operandi of their 
muscles, which during life are much more slowly thrown into contraction 
by mechanical stimuli than they are in adults. — The most remarkable 

♦ In whose work On Epileptic and other Convulsive Affections of the Nervous 
System” (3rd edit., 1861), much original and interesting information on the subject of 
muscular contractility will be found. 

f See “ Lancet,” 1866. t “Gazette M6dicale,” December 22, 1849. 



694 ON THE STRUCTUKfi AND FUNCTIONS OF MUSCULAR TISSUE. 


manifestations of it yet observed, however, have been witnessed after death 
from Cholera and Yellow Fever ; for in these cases the muscular contractions, 
though capable of being excited by mechanical stimulation applied to the 
muscles themselves, are frequently spontaneous, and sometimes give rise to 
movements strongly resembling the ordinary actions of the living state. 
In regard to the occurrence of this phenomenon after death from yellow 
fever, several interesting observations have been recorded by Dr. Bennet 
Dowler of New Orleans.* In one case, the subject of which was an 
Irishman, aged twenty-eight, the following series of movements took place 
spontaneously not long after the cessation of the respiration : first the left 
hand was carried by a regular motion to the throat, and then to the crown 
of the head ; the right arm followed the same route on the right side ; 
the left arm was then carried back to the throat, and thence to the breast, 
reversing all its original motions, and finally the right hand and arm did 
exactly the same. Similar phenomena have been described by Mr. N. B. 
Ward, Mr. Helps, and Mr. Barlowf as occurring in the bodies of cholera 
patients. Many circumstances indicate that these movements were due 
to the inherent contractility of the muscles, and were not in any degree 
dependent upon the operation of the nervous system ; and Dr. Dowler 
proved experimentally, by completely separating linibs which exhibited 
these movements from the trunk of the body, that the inlluence of the 
nervous system was not in any degree essential to their production. 

6G6. ^\ie Rirj or mortis^ or Cadaveric rigidity of the muscles, begins imme- 
diately after all indications of irritability have departed, but before any putre- 
factive change has commenced. The supervention of the rigidity is not 
usually prolonged much beyond seven hours, though a tetanic state at first 
sight resembling it may occasionally be observed to occur instantly after 
death from some peculiar conditions of the nervous and muscular systems at 
the moment. In other instances twenty or even thirty hours may elapse 
before it shows itself. Its general duration is from twenty-four to thirty-six 
hours, but it may pass oft much more rapidly, or it may be prolonged to 
four or six days. It first affects the neck and lower jaw, then the trunk, 
then the upper extremity, and finally, the muscles of the lower extremities. 
In its departure, which is immediately followed by decomposition, the 
same order is followed. It is remarkabre that it is equally intense in 
muscles which have been paralyzed by Hemiplegia, or whose nerves have 
been previously severed, provided that no considerable change has taken 
place in their nutrition. All circumstances which tend to exhaust or de- 
press the irritability of the muscles, such as death by slow and wasting 
disease, violent muscular exertion immediately before death, or powerful 
electrical shocks passed through the motor nerves, induce the early ap- 
pearance and speedy departure of this state — putrefaction subsequently 
appearing and progressing rapidly. On the other hand, when the general 
energy has been retained up to a short period before death, as in persons 
who die from an accidental cause, or in animals the irritability of whose 
muscles has been augmented by cold, cadaveric rigidity sets in late 
and lasts long, and putrefaction also appears late and progresses slowly. 
Muscles deprived of blood by the ligature of their arteries, or by the 

* “ Experimental Researches on the Post-mortem Contractility of the Muscles,” 1846. 

t See Mr. F. Barlow’s ‘ Observations on the Muscular Contractions which occa- 
sionally occur after Death from Cholera,* in “Med. Gazette’* for 1849-60. 
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injection of warm water, pass into a state closely analogous to, if not iden- 
tical with Rigor mortis ; and within certain limits their powers can be 
restored by the readmission of a current of duly oxygenated or arterial 
blood. — The condition of the muscles in post-mortem rigidity is in many 
respects different from that of the contraction which occurs during life. 
In the former the shortening is persistent and uniform, the elasticity of 
the tissue is increased, it feels firm and hard, and there are no signs ol 
electrical disturbance. In the latter, on the contrary, there is, as we have 
seen, a diminution in the amount of elasticity and of firmness, there is 
evidence of a change in the state of electrical tension (negative variation), 
and the contraction is intermittent. — Rigor mortis was formerly attributed 
to the coagulation of the blood, but many facts are opposed to this view. 
There is some evidence, however, in favour of the opinion of Brucke that 
it results from the coagulation ef a fibrinous material contained in the 
interfibrillar juices of the muscle ; for Kuhne has shown that a sponta- 
neously coagulable substance can be obtained from living muscle by the 
injection into its vessels of saline or saccharine solutions, which evidently 
retard the coagulation of this substance ; and moreover, whilst the muscles 
from which this spontaneously coagulable material has been withdrawn, are 
incapable of passing into the state of Rigor mortis, those which have already 
become rigid no longer yield up any portion of it to the injected fluids.* 
GG7. It was formerly customary to divide the Muscles into two groups, 
termed tlie “ voluntary’’ and “ involuntary,” corresponding to the 
“striated” and “ non-striated” tissue respectively, but there are various 
circumstances which show that this system of classification cannot be 
consistently maintained. It is quite true that all the Muscles of Organic 
Life may be truly styled ‘involuntary ;’ for although they are capable of 
being influenced by emotional and ideational states of mind, yet the 
Will cannot exert any direct influence upon them, only affecting them 
indirectly by its power of determining these states. But over those 
Muscles, also ministering to the Organic functions, and doing so in 
obedience to impulses purely automatic, which are called into action by 
the Cranio-Spinal nerves, the WiU, as we have seen, exerts some power ; 
and such, therefore, cannot be properly regarded as involuntary, since 
the Will can influence their state ; whilst they are far from being truly 
voluntary, since the Will cannot control their tendency to automatic 
action beyond a certain limited amount (§ 27G). On the other hand, 
every one of the Muscles usually styled voluntary, because ordinarily 
called into action by the Will, is liable to be thrown into action involun- 
tarily ; either by an Excito-motor stimulus, as in tetanic convulsions, or 
by Consensual action, as in tickling, or Emotionally, as in laughter or 
rage, or simjAy Ideationally, as in somnambulism and analogous states. 
Hence although there are certain groups of muscles which are more fre- 
quently acted-on by the Will than by any other impulse, and certain 
others which are more frequently played-on by the Emotions, and so-on, 
it becomes obvious that every muscle called into contraction by the 
Cranio-Spinal nervous system, is capable of receiving its stimulus to 

* For further information respecting the relations between rigor mortis, the irritability 
of the muscle, and the appearance of putrefaction, see the Croonian Lecture for 1861, 
delivered by M. Brown-S4quard before the Koyal Society, in the “ Proceedings of the 
Royal Society,” vol. xi. p. 204. 
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movement from any of these sources ; the nerve-force transmitted along 
the motor-fibres, being issued either from the Spinal Cord, from the 
Sensory Ganglia, or from the Cerebrum, as the case may be, but being 
in its nature and effects the same in every instance. 

668. The grouping or combination of Muscular actions, which takes 
place in almost every movement of one part of the body upon another, 
must be attributed, not to any peculiar sympathy among the Muscles 
themselves, but to the mode in which they are acted-on by the Nervous 
Centres. This is most obviously the case with regard to those of the 
primarily-automatic class ; but it can scarcely be doubtful as to those 
of the secondarily-automatic kind (§ 584), such as walking, which, 
though at first directed by the Will, come by habit to be performed 
imder conditions essentially the same with the preceding ; and when it 
is borne in mind that even in voluntary movements the Will cannot 
single-out any one muscle from the group with which it usually co- 
operates, so as to throw this into separate contraction, but is limited to 
determining the result (§ 528), it seems pretty obvious that even here 
the grouping is effected by the endowments of those Automatic centres 
from which all the motor impulses immediately proceed to the muscles, 
and not by Cerebral agency. In fact, the whole process by which we 
acquire the power of adapting our muscular actions to the performance 
of some new kind of movement, — as in the case of an infant learning to 
walk, a child learning to write, an artizan learning some occupation 
which recjuires nice manipulation, a musical performer learning a new 
instrument, and so on, — is found, when attentively studied, to indicate 
that the Will is far from having that direct and immediate control over 
the contractions of the Muscles, which it is commonly reputed to 
possess ; and that the operation really consists in the gradual establish- 
ment of a new grouping of the separate actions, in virtue of which, the 
stimulus of a Volitional determination, acting under the guidance of 
the muscular sensations (§ 524), henceforth calls into contraction the 
group of muscles whose agency is competent to carry that determina- 
tion into effect. For however amenable any set of muscles (as those of 
the arm and hand) may have become to the direction of the Will, in 
any operations which they have been previously accustomed to perform, 
it is only after considerable practice that they can be trained to any 
method of combined action which is entirely new to them ; and even 
if we attempt to bring our anatomical knowledge into use for such a 
purpose, by mentally fixing upon cerhiin muscles whose action we wish 
to intensify and to associate with those of others, we find that such a 
method of proceeding affords no assistance whatever, but rather tends 
to impede our progress, by drawing-ofi* the attention from the ‘ guiding 
sensations’ (visual, muscular, &c.), which are the only regulators that 
can be depended-upon for determining the due performance of the 
volitional mandate. — Hence we are led by these considerations, as by 
those stated in the preceding paragraph, to the conclusion, that the 
agency which directly affects the muscles is of the same kind, and 
that it operates under the same instrumental conditions, whatever be 
the primal source of the motor power. And in watching the ^adual 
acquirement of tlie capacity for different kinds of movement, during the 
periods of Infancy and Childhood in the Human subject, we find every- 
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thing to confirm this conclusion. For it becomes obvious that the 
acquirement of Voluntary power over the movements of the limhs^ is 
just as gradual as it is over the direction of the thoughts ; all the activity 
of the body, as well as of the mind, being in the first instance automatic; 
and the Will progressively extending its domination over the former, as 
over the latter, until it brings under its control all those muscular move- 
ments which are not immediately required for the conservation of the body, 
and turns them to its own uses.* 

2. Of the Symmetry and Harmony of Muscular Movements. 

669. It might have been not unreasonably supposed, a priori, that 
those muscles would have been most readily put into simultaneous con- 
traction which correspond to each other on the two sides of the body ; in 
other words, that symmetrical movements would be those most readily 
performed. Such, however, is by no means fhe case ; for in many of our 
most familiar actions we consentaneously exert different muscles on the 
two sides of the body. This is nowhere more clearly shown than in the 
various movements that are required for the performance of the different 
acts of locomotion, and which may here be briefly noticed. In order to 
maintain the body in the erect posture, simple as the effort appears, the 
concurrent action of many muscles is required, as is clearly shown not 
only by the numerous and fiitile trials made by children before the power 
of balancing is acquired, but by the im 2 )ossibility of placing a dead body 
in this position without support. In standing, the legs are more or less 
extended ; and the weight of the trunk is transmitted through the femora 
and the tibise and fibulai to the astragali. These, with the other tarsal 
and metatarsal bones, form an clastic arch on either side, which, whilst 
allowing the great superincumbent pressure to be borne with ease, enables 
each foot to accommodate itself to irregularities of the surface of the 
ground, and at the same time breaks the shock or jar which would other- 
wise be experienced in the various movements of walking, running, or 
leaping. The centre of gravity of the whole body lies, according to 
Weber, in the promontory of the sacrum ; but, according to Meyer, in the 
canal of the second sacral vertebra. As long as a perpendicular line 
drawn from this point to the earth drops within the basis formed by the 
feet, the erect posture can be maintained with comparative ease ; if it 
drop outside that basis, the subject must inevitably fall. The chief 

* The aptitude whicli is acquired by practice, for the performance of certain actions 
that were at first accomplished with difficulty, seems to result as much from a structural 
change which the continual repetition of them occasions in the Muscle, as in the habit 
which the Nervous system acquires of exciting the movement. Thus almost every 
person learning to play on a musical instrument, finds a difficulty in causing the two 
shorter fingers to move independently of each other and of the rest; this is particularly 
the case in regard to the ring-finger. Any one may satisfy himself of the difficulty, by 
laying the palm of the hand flat on a table, and raising one finger after the other, when 
it will be found that the ring-finger can scarcely be lifted without disturbing the rest, — 
evidently from the difficulty of detaching the action of the portion of the extern^ com- 
munis digitorum, by which the movement is produced, from that of the remainder of 
the muscle. Yet to the practised musician, the command of the Will over all the fingers 
becomes nearly alike ; and it can scarcely be doubted that some change in the structure 
of the muscle, or a new development of its nerve-fibres, takes place, which favours the 
isolated operation of its several divisions. 
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muscles called into play in the standing position are those which keep the 
head vertical on the spinal column, as Qie recti, obliqui, sternomastoids, 
splenii, complexus, &c., the extensors of the spine, as the erectores spinae 
and their prolongations, and the extensors of the thigh and leg ; but the 
opposite muscles are, as a sailor would express it, ‘ taut’ and ready to con- 
tract instantaneously and unconsciously on the slightest indication of loss 
of equilibrium. 

670. Walking , — In this movement the body, supported in a nearly 
vertical position, alternately rests on the right and left leg; the limb 
upon which it does not rest swinging forward, like a pendulum, in a 
remarkably regular manner, just sufficiently bent to avoid contact with 
the ground. The inclination of the trunk of the body from the perpen- 
dicular, which is very slight in slow walking, always increases with the 
rapidity of the step. If we examine the successive movements which 
occur in making two steps, it will be found that if the subject be standing 
firmly with the left leg in advance, the first act consists in raising the heel 
of the right foot, which is accomplished by the gastrocnemius and soleus 
muscles ; and the weight of the whole body thus raised is by the simul- 
taneous contraction of the psoas and iliacus muscles of the left leg thrown 
over to the left side, resting for an instant upon the left foot. At this 
period all the extensors of the left leg, the glutaei, the quadriceps extensor 
femoris, the tibialis anticiis, (fee., are powerfully contracted. The right 
leg, the toe of which is the last part which touches the ground, now 
swings forward, the knee and hip joints being just sufficiently bent to 
enable the foot to clear accidental irregularities of the surface. Lastly, 
the right heel is planted on the ground in front, and is immediately fol- 
lowed by the whole surface of the foot ; but coincidentally with this occur 
the elevation of the left heel and the throwing over of the weight of the 
trunk to the right side, which is followed by the swinging forward and 
implantation of the left foot, and so on alternately. The weight of the legs 
in the act of swinging forward has been shown by Weber to be materially 
diminished by the pressure exerted by the atmosphere in retaining the 
head of the femur in the acetabulum. The ordinary rate of movement 
in walking for each person is to an important extent regulated by the length 
of the leg, and the consequent duration of its pendulum-like oscillation. 
Various compensatory movements in walking occur in order to maintain 
the equipoise of the body ; amongst the most important of these are the 
movements of the arms, lor whilst the right leg is swinging forwards, the 
twisting of the trimk which occurs at this period would bring the right 
shoulder forwards, but the right arm at this moment swings backwards 
and the left forwards, and by thus generating a force in the 02 )posite 
direction neutralizes this tendency. A corresponding compensation 
takes place when the left leg swings forward, and this is effected by a 
good walker without any sensible lateral twisting of the trunk.* At the 
moment that the foremost foot is implanted on the ground, the body sinks a 
little, but rises again when the impiilse is given by the opposite foot leaving 
the ground. The extent of this undulatory movement is very small, not 
exceeding inch. The number of steps in a given time, or the pace of 
walking, is partly dependent upon the length of the legs, and partly upon 
direct muscular effort : the longer the leg, the slower will be the oscil- 
* See Bishop in Cyclop, of Anat. and Phys.,” vol. iii. p. 460. 
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lation ; but by planting the foot on the ground when it has only passed 
through one-half of its natural oscillation, the succession of steps, and 
consequently the rapidity of progress, can be materially increased, without 
much effort. In very quick walking almost every muscle in the body is 
brought into play ; the trunk is considerably inclined forwards, partly for 
the purpose of resisting and compensating for atmospheric pressure, but 
chiefly to enable the hip-joints to be carried low, thus increasing the 
extent of groimd which can be covered by each step, whilst at the same time 
the number of steps is greatly increased by muscular effort ; the period 
during which both feet are resting on the ground together being con- 
siderably shortened. In an experiment made by Mr. Vasey, the length 
of whose leg was thirty -four inches, in walking at the rate of four miles 
an hour, 2000 steps were made every fifteen minutes ; the length of each 
step must therefore have been 2*64 feet, and the time of each step 0*45 
second, — Quick walking passes by insensible gradations into running^ the 
period in which the body rests upon both feet becoming shorter and 
shorter, until at length there is a period between successive steps, during 
which the body moves forward unsupported by either foot. According 
to Weber, the vertical undulations of the trunk in running vary from 
3-4ths to 4-5ths of an inch, the duration of the step from l-4th to I -5th 
of a second, of which time the body swings unsupported in the air 1-lOth 
of a second, the time of descent being I- 15th of a second. — In leaping y 
the extensor muscles are brought into extremely vigorous action, and the 
act may bo accomplished either by the alternate or the simultaneous action 
of the legs, as seen in the ‘‘hop, step, and jump” of children. The essential 
difference in leaping and running is, that in leaping the body is raised so 
high from the ground, and for so long a period, that the leg or legs have 
time to complete tlieir full arc of oscillation, and consequently cover the 
utmost space of ground possible. The extent of the leap is of course 
dependent upon the muscular energy of the individual.* 

671. Now it is plain that the grouping of the muscular movements in 
these different instances arises out of its felt conformity to the end in 
view, and that it is regulated by the guiding sensations which indicate to 
us the progression and balance of the body. The infant, in learning to 
walk, is prompted by an instinctive tendency to put one foot before the 
other, as may be noticed at a very early period, when it is first held so as 
to feel the ground with its feet ; and in attempting to balance itself when 
first left to stand alone, it moves its arms with a like intuitive impulse, not 
based upon experience. All that experience does, in either case, is to give 
that precise adjustment to the muscular action, which makes it perfectly 
conformable to the indications afforded by the muscular sensations. 
Thus, if we advance each arm with its corresponding leg, we feel that the 
balance of the body is not nearly as readily maintained, as it is when we 
advance the arm with the leg of the opposite side ; and thus, without any 
design or voluntary determination on our own parts, the former comes to 
be our settled habit of action. This kind of adjustment, in the case 
before us, is by no means limited to the muscles of the limbs ; for there 

* The subject of the locomotion of Man has been particularly investigated by the 
Profrs. Weber, whose work entitled “Mechanikder menschlich. Gehwerkzeuge** (Gottingen, 

1836) has been translated in Jourdan’s “ Bncyclopbdie Anatomique,” tom. ii. See also 
the Art. ‘ Motion’ by Mr. J. Bishop, in “ Cyclop, of Anat. and Physiol.,” vol. iii. 
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is scarcely any muscle of the trunk or head, that is not exerted with some 
degree of consentaneous energy, however unconsciously to ourselves, in 
the act of walking. The difficulty which would attend the voluntary 
harmonization of all these separate actions, is remarkably evinced by the 
fact, that no mechanist, however ingenious, has ever succeeded in con- 
structing an automaton that should walk like Man ; the alternate shifting 
of the centre of gravity from one side to the other, upon so small a base 
as the human foot affords, simultaneously with the movement in advance, 
constituting the great difficulty of biped progression. But all this adjust- 
ment is effected in our own organisms for us, rather than hy us ; the act 
of harmonization, when once fully mastered, being attended with no effort 
to ourselves; but the whole series of complex movements being performed 
in obedience to the simple determination to walk, under the automatic 
guidance of the senses, which instantly reveal to us any imperfection in 
the performance. — The same view extends itself readily to other combina- 
tions of dissimilar and non-symmetrical movements, which are less natui^al 
to Man, but which may be readily acquired a7'tificialhj if they all har- 
monize in a common purpose, and are under the guidance o*f the same 
set of sensations. Thus, the performer on the Organ uses the several 
fingers of his two hands to execute as many different movements (in very 
different positions, it may be) on the ‘manual’ keys: one of his feet may 
be on the ‘ swell ’ pedal, and the other may be engaged in playing on the 
‘ pedal ’ keys ; but all these diverse actions are harmonized by their rela- 
tion to the same set of auditory sensations ; and if the result be not that 
which the performer anticipated, an immediate correction is made. 

672. It would be easy to multiply instances of the same kind, all illus- 
trative of the general principle, that the facility with which we voluntarily 
combine different movements is chiefly determined, not by their sym- 
metrical character, but by their confoi'inahleness toM. common end, and by 
the harmony of their guiding sensatmis with reference to that end;* but 
it will be desirable to dwell particularly on the Movements of the Eye, 
as presenting certain points of peculiar interest, some of which have an 
important bearing on Surgical practice. — It will be recollected that in the 
Human Orbit, six muscles for the movements of the eyeball are found ; 
the four Kecti, and the two Oblique muscles. The precise actions of 
these are not easily established by experiment on the lower animals ; for 
in all those which ordinarily maintain the horizontal position, there is an 
additional muscle, termed the retractor, which embraces the whole posterior 
portion of the globe, and passes-backwards to be attached to the bottom 
of the orbit. f If the origin and insertion of the four Recti muscles be 

* Two simple examples, however, may be cited, of the difficulty which attends the 
simultaneous performance of movements that are not harmonious. If we attempt to 
elevate one eyelid whilst we are depressing the other, we find that a considerable effort 
is required to accomplish the action, although the elevation or depression of both eyelids 
together is performed with so little effort that we are scarcely conscious of it ; and the 
difficulty is increased if we half- shut both eyes, and then try to close one and to open 
the other. So if we try to move our two bands as if they were simultaneously winding 
cord in opposite directions upon two reels placed in front of us, we shall find ourselves 
unable to do so without a constant exercise of the attention, and even then but slowly 
and with difficulty ; although the very same movements may be separately performed, 
or both hands may be made thus to move in the same direction, with the greatest 
facility, 

f This muscle is most developed in Ruminating animals, which, during their whole 
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examined, however, no doubt can remain that each of them, acting singly, 
is capable of causing the globe to revolve in its own direction, — the superior 
rectus causing the pupil to turn upwards, — the internal rectus causing it 
to roll towards the nose, — and so on. A very easy and direct application 
of the laws of mechanics will further make it evident to us, that the com- 
bined action of any two of the Recti muscles must cause the pupil to turn 
in a direction intermediate between the lines of their single action; and that 
any intermediate position may thus be given to the eyeball by these 
muscles alone. This fact, which has not received the attention it deserves, 
leads us to perceive that the Oblique muscles must have some supplemen- 
tary function. It may be objected that this is a theoretical statement 
only ; and that there may be some practical obstacle to the performance 
of diagonal movements by the Recti muscles, which renders the assist- 
ance of the Obliques essential for this purpose. But to this it may be 
replied, that no single muscle can direct the ball either downwards and 
inwards, or upwards and outwards : and that, as we have good reason to 
believe these movements to be effected by the combination of the Recti 
muscles, there is no reason why the other diagonal movements should not 
also be due to them. — The most probable account of the functions of the 
Ohlique muscles of the eye, seems to be that which was long ago suggested 
by John Hunter, and which has received confirmation from the experi- 
ments of Dr. G. Johnson.* It has been just shown that the action of the 
Recti muscles upon the pupil, is such as to cause it to revolve in any 
given direction : and this is put in force, not merely to alter the range of 
vision, the head remaining stationary ; but also to keep the range of 
vision the same, and to cause the images of the objects upon which our 
gaze is fixed, still to fall upon the s^ime parts of the retime, by maintaining 
the position of the eyes when the head is moved upwards, downwards, 
from side to side, or in any intermediate direction (§ 529). But these 
muscles are not able to rotate the eyeball upon its antero-posterior axis ; 
and such rotation is manifestly necessary to preserve the fixed position of 
the eyeball, and consequently to keep the image of the object under 
survey upon the same part of the retina, when the head is inclined side- 
ways, or is bowed towards one shoulder and then towards the other. It 
appears from the experiments of Dr. G. Johnson, that the action of the 
Oblique muscles is exactly adapted to produce such a rotation : the 
Inferior Oblique, in its contraction, causing the eyeball to move upon its 
antero-posterior axis, in such a manner that a piece of paper, placed at 
the outer margin of the cornea, passes downwards and then inwards 
towards the nose ; and the Superior Oblique effecting precisely the reverse 
action, the paper at the outer margin of the cornea passing first upwards 

time of feeding, carry their heads in a dependent position. In most Carnivorous animals, 
instead of the complete hollow muscular cone (the base inclosing the eyeball, whilst the 
apex surrounds the optic nerve), which we find in the Ruminants, there are four distinct 
strips, almost resembling a second set of recti muscles, but deep-seated, and inserted into 
the posterior instead of the anterior portion of the globe. It is obvious that the actions 
of these must greatly affect the results of any operations which we may perform upon 
the other muscles of the Orbit ; and, as it is impossible to divide the former, without 
completely separating the eye from its attachments, we have no means of correcting such 
results, but by reasoning alone. Experiments upon animals of the order Quadrumana, 
most nearly allied to Man, would be more satisfactory; as in them, the retractor muscle 

is almost or entirely absent. , ™ i i 

* Cyclopaedia of Anatomy and Physiology,” vol. in. p. 790. 
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and then inwards. There was' not the slightest appearance, in these 
experiments, . of elevation, depression, abduction, or adduction, of the 
cornea, as a residt of the action of the Oblique muscles ; all these move- 
ments being attributable to the Eecti alone. 

673. On studying the Voluntary movements of the Eyeballs, we are 
led to perceive that they are not so much symmetrical as harmonious ; 
that is to say, the corresponding muscles on the two sides are rarely in 
action at once ; whilst such a harmony or consent exists between the 
actions of the muscles of the two orbits, that they work to one common 
purpose, namely, the direction of both eyes towards the required object. 
They may be arranged under two groups; the first comprising those 
which are ahke harmonious and symmetrical ; the second including those 
which are harmonious but not symmetrical. To the first group belong 
the following: — 1. Both eyeballs are elevated, by the contraction of the 
two Superior Eecti — 2. Both eyeballs are depressed, by the conjoint 
action of the Inferior Eecti muscles. — 3. Both are drawn directly inwards, 
or inwards and downwards, as when we look at an object placed on or 
near the nose ; this movement is effected by the action of the Internal 
Eecti of the two sides, with or without the Inferior Eecti. It is evidently 
symmetrical, but might seem at first sight not to be harmonious, because 
the eyes do not move together towards one side or the other ; it is, how- 
ever,’ really harmonious, since it directs their axes towards the same 
point.* — Now it is to be observed, with regard to these movements, that 
we can never effect them in antagonism with each other, or with those 
of other muscles. We cannot, for example, raise one eye and depress the 
other ; nor can we raise or depress one eye, when we adduct or abduct 
the other. The explanation of this will be found in the fact, that we can 
never, by so doing, direct the eyes to the same point. — The harmonious 
but unsymmetrical movements, 'forming the second class, are those in 
which the Internal and External Eecti of the two sides are made to act 
together, either alone, or in conjunction with the Superior and Inferior 
Eecti. They are as follows: — 4. One eye is made to revolve directly 
inwards, by the action of its Internal Eectus, whilst the other is turned 
outwards by the action of its External Eectus. — 5. One eye is made to 
revolve upwards and inwards, by the conjoint action of the Superior and 
Internal Eecti ; the other, upwards and outwards, by the conjoint action 
of the Superior and External Eecti. — 6. One eye is made to revolve 
downwards and inwards, by the conjoint action of the Inferior and 
Internal Eecti ; the other, downwards and outwards, by the conjoint 
action of the Inferior and External Eecti. — In these movements, two 
different muscles, the External and Internal Eecti, are called into action 
on the two sides, with or without the superior and inferior Eecti ; but 
they are so employed for the purpose of directing the axes of the eyes 
towards the same point ; and although, as just noticed, we can put the 

* Some persons can effect this voluntarily to a greater extent than others ; but even 
then, they can only accomplish it by fixing the gaze upon some object situated between 
the eyes ; and cannot call the adduc^r muscles into combined action in perfect darkness, 
or if the lids be closed. Even those who have the least power of effecting this extreme 
convergence by at once directing the eyes towards a very near object, can accomplish it 
by looking at an object placed at a moderate distance, and gradually bringing this 
nearer to the nose, keeping the eyes steadily fixed upon it. The unwonted character of 
the movement is ^own in this, — that it can only be maintained, even for a short time, 
by a strong effort, producing a sense of fatigue. 
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two Internal Recti in action together, we cannot voluntarily cause the two 
External Recti to contract together, it not being possible that any object 
should be in such a position as to require this action for the direction of 
the axes of the eyes towards it. 

674. The greater number of the foregoing movements may be per- 
formed unconsciously to ourselves, in obedience to a Voluntary deter- 
mination to keep the direction of the eyes fixed, instead of to give motion 
to the eyeballs. Thus, if we gaze steadily at an object in front of us, 
and then depress the head forwards on its transverse axis, the eyeballs 
roll upwards upon their transverse axes (1) by the action of the Superior 
Recti, without our being aware of it ; so if, whilst still maintaining the 
same fixed gaze, we raise the head into the vertical position and then 
depress it backwards, the eyeballs are rolled downwards (2) by the action 
of the Inferior Recti ; if, under the same conditions, the head be made to 
rotate on its vertical axis fi-om side to side, the eyeballs will be made to 
roll on their vertical axes in the contrary direction, by the External and 
Internal Recti (4) of the two sides respectively ; so, by causing the head 
to move obliquely in the opposite directions, the reverse oblique move- 
ments (5 and 6) of the eyeballs are made to take-place by the continued 
fixation of the vision upon the same object. To these we have to add 
one more action, which cannot be called-forth in any other mode ; 
namely, that rotation of the two eyes upon their antero-posterior axes, 
which takes-place probably by the instrumentality of the Oblique muscles, 
when we incline the head to one side or the other by rotating it upon 
its antero-posterior axis (§ 672). In all these movements, as in the 
preceding, the Will directs the result ; and there is no other difference 
between them, than that which arises out of our consciousness of a 
change in the one case, and our unconsciousness in the other. It may 
here he remarked that Prof. Helmholtz* has recently adopted the same 
view as that just expressed in regard to the nature of the volitional 
direction and the influence of the guiding sensations ; in corroboration of 
which he further mentions the important fact ascertained by Donders and 
himself, that by the use of a j)rism before one eye, both eyes may be made 
to move outwards, or one up and the other down, — still under the same 
fundamental law. — The truly Involuntary movements of the eyeballs, 
however, are performed under very different conditions ; there being here 
no purposive direction or fixation of the gaze ; and the muscular contrac- 
tions not being determined by visual sensations, but being called-forth 
by nerve-force excited in some remote part. Of this we have an example 
in the normal revolution of both eyes upwards and inwards, which takes 
place in the acts of coughing, sneezing, winking, &c. ; but far more 
remarkable illustrations are presented in those abnormal movements of 
the eyeballs, occurring in Convulsive diseases, in which there is neither 
harmony nor symmetry. 

675. It has been stated to be a condition of single and distinct vision, 
that the usual axes of the eyes should be directed towards the object, in 
order that its picture should be thrown upon the parts of the two retinsB 
which are accustomed to act together (§ 611) ; but as this cannot take- 
place without the guidance of visual sensations, the movements of the 
eyeballs are wanting in harmony whenever the visual power has been 
deficient from birth. This is most remarkably the case, where the 

* In his Croonian Lecture, ‘‘Proceedings of the Royal Society, ” April 14, 1864, p. 193. 
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deficiency lias been so complete that not even light can be distinguished ; 
but the movements are frequently very far from being harmonious, in 
cases of congenital cataract, where a considerable amoimt of light is 
evidently admitted, but where no distinct image can be formed ; and in 
such cases, the movements are most harmonious where the object is 
bright or luminous, and more vivid impressions are therefore made upon 
the retinae. It is no objection to this doctrine to say, that persons who 
have become blind may still move their eyes in a harmonious manner ; 
since, the habit of the association of particular movements having been 
once acquired, the guidance of the muscles may be effected by sensations 
derived from themselves, in the manner in which it takes-place in the 
laryngeal movements of the deaf and dumb (§ 525) ; and, as a matter of 
fact, a want of consent may often be observed where the blindness is 
total. The peculiar ‘ vacant ’ appearance, which may be noticed in the 
countenances of persons completely deprived of sight by amaurotic or 
other affections, which do not alter the external aspect of the eyes, seems 
to result from this, — that their axes are parallel^ as if the individual 
were looking into distant space, instead of presenting that slight con- 
vergence which must always exist between them, whcji the eyes are 
fixed upon a definite object. This convergence, which is of course regu- 
lated by the Internal Kecti, varies in degree according to the distance of 
the object ; and it is astonishing how minute an alteration in the axes of 
the eyes becomes perceptible to a person observing them. For instance, 
A sees the eyes of B directed towards his face, but he perceives that B is 
not looking at him ; he knows this by a sort of intuitive interpretation 
of the fact, that his face is not the point of convergence of B’s eyes. But 
if B, who might have been previously looking at something nearer or 
more remote than A’s face, fix his gaze upon the latter, so that the 
degree of the convergence of the axes is altered, without the general 
direction of the eyes being in the least affected, the change is at once 
perceived by the person so regarded ; and the eyes of the two then meet, 
— It is an interesting confirmation of the principles here advocated, that 
when binocular vision cannot be obtained by directing the true axes of 
the eyes towards the object, as happens when an opaque spot exists upon 
the centre of the cornea, or an artificial pupil has been formed at the 
margin of the iris, there is an automatic tendency to the neutralization of 
the mischief, by such an action of the muscles as shall turn the virtual 
axis of the affected eye (that is, the axis in which the rays most directly 
enter the globe) towards the object, thus producing Strabismus, but not 
Double Vision. 

676. The physiological principles which have now been stated, have 
an important application in the treatment of Strabismus by operation ; a 
practice whose frequent want of success is due in great part to the inju- 
dicious selection of cases, and to the wrong measures pursued. — The 
degree in which habit accustoms parts of the retinaa that did not origi- 
nally correspond, to work-together harmoniously, is remarkably shown 
by the fact, that patients who have been long affected with Convergent 
Strabismus, and who see equally well with both eyes (as many do), are 
not troubled with double vision. On the other hand, when a person 
whose eyes look straight before him, is the subject of a disorder which 
renders their motions in any degree irregular, he is at once affected with 
double vision. The same has been frequently noticed as an immediate 
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result of the successful operation for the cure of Strabismus, where vision 
is good in both eyes ; for although the images were previously formed 
on parts of the retinae which were very far from corresponding with each 
other, yet no sooner is the position of the eyes rectified (so that the rela- 
tion between the situation of the images is the same as it would be in a 
sound eye), than the patient sees double. Now in these cases the diffi- 
culty very speedily diminishes, and the patient soon learns to see single. 
That there is a greater tendency to consent between the images, however, 
when they are formed upon the parts of the two retina? which normally 
correspond, may be freely admitted : and this seems to be a principle of 
some importance in determining the re-adjustment of the eyes, after the 
operation for Strabismus. This re-adjustment is not always imme- 
diate ; for after the muscle has been freely divided, the eye often remains 
somewhat inverted for a few days, gradually acquiring its straight posi- 
tion. The Author has known one case, in which, after such a degree of 
temporary inversion as seemed to render the success of the operation very 
doubtful, eversion actually took-place for a short time to a considerable 
extent ; after which the axes became parallel, and have remained so ever 
since. — Another argument derivable from the results of this operation, in 
favour of the consensual movement being chiefly regulated by the corre- 
spondence in the scats of the impressions on the two retina?, is, that it is 
much more successful in those cases in which the sight of the most dis- 
placed eye is good, than in those in which (as not unfrequently happens 
from long disuse) it is much impaired. In cases of the latter class, the 

cure is seldom complete,* 

• 

* In reference to tins subject, the Author would add that he is well convinced, from 
repeated observation, that those Surgeons are in tlie right, who have maintained that, in 
a large proportion of cases, Strabismus is caused by an alTection of hoik sets of muscles 
or nerves, and not of one only ; and that it then requires, for its perfect cure, the divi- 
sion of the corresponding muscles on both sides. Cases will be frequently met-with, in 
which this is evident ; the two eyes being employed to nearly the same extent, and the 
patient giving to both a slight inward direction, when desired to look straight- forwards. 
In general, however, one eye usually looks straight-forwards, whilst the other is greatly 
inverted ; and the sight of the inverted eye is frequently affected to a considerable degree 
by disuse; so that, when the patient voluntarily rotates it upon its proper a^is, his vision 
with it is far from being distinct. Some Surgeons have maintained, that the inverted 
eye is usually the only one in fault, and consider that the division of the tendon of its 
Internal Rectus is sulficient for the cure. They would even divide its other tendons, if 
the parallelism be not restored, rather than touch the other eye. The Author is him- 
self satisfied, however, that the restriction of the abnormal state to a single eye, is the 
exception, and not the rule, in all but very slight cases of Strabismus ; and to this opinion 
he is led, both by the consideration of the mode in which strabismus first takes-place, 
and by the results of the operatione which have come under his notice. If the eyes of 
an infant affected with cerebral disease be watched, there will frequently be observed in 
them very irregular movements ; the axes of the two being sometimes extremely con- 
vergent, and then very divergent. This irregularity is rarely or never seen to be confined 
to one eye. Now, in a large proportion of cases of Strabismus, the malady is a conse- 
quence of some cerebral affection during infancy or childhood, which we can scarcely 
suppose to have affected one eye only. Again, in other instances we find the Strabismus 
to have resulted from the constant direction of the eyes to very near objects, as in shoH- 
sighted persons; and here, too, the cause manifestly affects both. — Now it is easy to 
understand why one eye of the patient should appear to be in its natural position, whilst 
the other is greatly inverted. The cause of Strabismus usually affects the two eyes 
somewhat unequally, so that one is much more inverted than the other. We will call 
the least inverted eye A, and the other B. In the ordinary acts of vision, the patient 
will make most use of the least inverted eye, A, because he can moat readily look 
straight- forwards or outwards with it ; but to bring it into the axis, or to rotate^ it out- 
wards necessitates a still more decided inversion of B. This remains the position of 
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3. Energy and Rapidity of Muscular Contraction. 

677. The energy of Muscular contraction is of course to be most 
remarkably observed, in those instances in which the continual exercise 
of particular parts has occasioned an increased determination of blood 
towards them, and in consequence a permanent increase of their bulk 
(§ 316, III.). This has been the case, for example, with persons who have 
gained their livelihood by exhibiting feats of strength. Much will, of 
course, depend on the mechanically-advantageous application of muscular 
power ; and in this manner effects may be produced, even by persons of 
ordinary strength, which would not have been thought credible. In 
lifting a heavy weight in each hand, for example, a person who keeps his 
back perfectly rigid, so as to throw the pressure vertically upon the pelvis, 
and only uses the powerful extensors of the thigh and calf, by straightening 
the knees (previously somewhat flexed), and bringing the leg to a right 
angle with the foot, will have a great advantage over one who uses his 
lumbar muscles for the purpose. A still greater advantage will be gained 
by throwing the weight more directly upon the loins, by means of a sort 
of girdle, shaped so as to rest upon the top of the sacrum and the ridges 
of the ilia ; and by pressing with the hand upon a frame, so arranged as 
to bring the muscles of the arms to the assistance of those of the legs : in 
this manner, a single Man of ordinary strength may raise a weight of 
2000 lbs. ; whilst few who are unaccustomed to such exertions, can lift 
more than 300 lbs. in the ordinary mode. A man of great natural 
strength, however, has been known to lift 800 lbs. with his hands ; and 
the same individual performed several other curious feats of strength, 
which seem deserving of being here noticed. “ 1 . By the strength of his 
fingers, he rolled-up a very large and strong pewter dish. 2. He broke 
several short and strong pieces of tobacco-pipe with the force of his 
middle-finger, having laid them on the first and third finger. 3. Having 
thrust-in under his garter the bowl of a strong tobacco-pij)e, his legs 
being bent, he broke it to pieces by the tendons of his hams, without 
altering the bending of the knee. 4. He broke such another bowl 
between his first and second fingers, by pressing them together sideways. 
5. He lifted a table six feet long, which had half a hundred- weight 
hanging at the end of it, with his teeth, and held it in that position for 
a considerable time. It is true, the feet of the table rested against his 

things, — ^the patient usually looking straight-forwards with A, which is the eye constantly 
employed for the purposes of vision, — and frequently almost burying the other eye, B, 
the vision in which is of very little use to him, under the inner canthus. When, there- 
fore, the tendon of the internal rectus of B is divided, the relative position of the two is 
not entirely rectified. Sometimes it appears to be so for a time ; but the strabismus 
then begins to return, and it can only be checked by division of the tendon of the other 
eye, A ; after which, the cure is generally complete and permanent. That it has not 
been so in many of the patients on whom operations have been performed, the Author 
attributes, without the slightest doubt in bis own mind, to the neglect of the second 
operation. As just now stated, the sight of the most inverted eye is frequently very 
imperfect ; indeed it is sometimes impaired to such an extent, that the patients speak 
of it as entirely useless. That this impairment results in part from disuse merely, seems 
very evident, from the great improvement which often succeeds the rectification of the 
axes.— A valuable memoir by Prof. Pancoast, on the ‘Operation for Strabismus,’ founded 
on the results of about 1000 cases, will be found in the “ Philadelphia Medical Exa- 
miner,” vol. vii., and an abstract of it in the “ Brit, and For. Med.-Chir, Beview,” 
July, 1852, p. 262. 
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knees ; but as the length of the table was much greater than its height, 
that performance required a great strength to be exerted by the muscles 
of his loins, neck, and jaws. 6. He took an iron kitchen poker, about a 
yard long, and three inches in circumference, and holding it in his right 
hand, he struck it on his bare left arm between the elbow and the wrist, 
till he bent the poker nearly to a right angle. 7. He took such another 
poker, and, holding the ends of it in his hands, and the middle of it 
against the back of his neck, he brought both ends of it together before 
him; and, what was yet more difficult, he pulled it straight again.”* 
Haller mentions an instance of a man, who could raise a weight of 
300 lbs., by the action of the elevator muscles of his jaw : and that of 
a slender girl, affected with tetanic spasm, in whom the extensor muscles 
of the back, in the state of tonic contraction or opisthotonos, resisted a 
weight of 800 lbs. laid on the abdomen with the absurd intention of 
straightening the body. In a recent paper "by Professor Haughton,*]’ the 
conclusion is arrived at, that 1 lb. weight of human muscle is capable of 
lifting 1*56 ton through 1 foot before it is exhausted; whilst Mr. H. P. 
Baxter^ found from his experiments that 1 grain of frog’s muscle is on 
the average capable of raising a weight of 608 grains through a space of 
l-53rd of an inch, though considerable differences exist in regard to sex 
(1 grain of the muscle of male frogs raising 656 grains, and 1 grain of the 
muscle of female frogs raising 579 grains), age, and general condition of the 
animal. His experiments also show tlie interesting^ circumstance that 
whilst there is a loss of weight in the animal during muscular contraction, 
there is an increase of weight in the individual muscles experimented-on. 
— It is to be recollected, that the mechanical application of the power 
developed by muscular contraction to the movement of the body, is very 
commonly disadvantageous as regards force ; being designed to cause the 
part moved to pass over a much greater space than that through which 
the muscle contracts. Thus the Temporal muscle is attached to the 
lower jaw, at about one-third of the distance between the condyle and 
the incisors ; so that a shortening of the muscle to the amomit of half an 
inch, will draw-up the front of the jaw through an inch and a half ; but 
a power of 900 lbs. applied by the muscle, would be required to raise 
300 lbs. bearing on the incisors. In the case of the fore-arm and leg, the 
disproportion is much greater ; the points of attachment of the muscles by 
which the knee and elbow-joints are flexed and extended, being much 
closer to the fulcrum, in comparison with the distance of the points on 
which the resistance bears. — The mechanical power exerted by muscle 
in contraction may be calculated as in any mechanical machine by multi- 
plying the weight lifted by the height to which it is raised. Weber 
obtained the following values for the muscle of a frog : — 

Weight lifted in Height in Mm. Met hanical effect 

Grammes. in Grammillimetrei 


a . 

..51 


f 27*6 


138 

h . . 

. . 15 

X by 

25-1 


376 

c 

. . 25 1 

1 11-45 1 

— 

1 286 

d . . 

. . 35 j 

1 

6'3 J 


i 220 


That is to say, that 138 grammillimetres are equal to 5 grammes raised 
* Desaguliers’ ** Philosophy,” vol. ii, 

t "^Outlines of a New Theory of Muscular Action,” Dublin, 1863. 

± ‘ On Muscular Power/ in the “Edin. New Phil. Journ.,” vol. xviii. p. 194. 
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27*6 mm. or to 27*6 grammes raised 5 mm. It will be seen from the table 
that the mechanical effect increases to a certain point with the weighting, 
and then gradually diminishes ; it was found that different muscles had 
their maximum at different weightings. — The power of the muscles ap- 
pears to vary in different animals, being greatest in proportion to their size 
in Insects. 

678. The rapidity of the changes of position of the component particles 
of muscular fibres, may, as Dr. Alison justly remarks,* be estimated, 
though it can hardly be conceived, from various well-known facts. The 
pulsations of the heart can sometimes be distinctly numbered in children, 
at more than 200 in the minute ; and as each contraction of the ven- 
tricles occupies only half the time of the whole pulsation, it must be 
accomplished in 1 -400th of a minute, or 3-20ths of a second. Again, 
it is certain that, by the movements of the tongue and other organs of 
speech, 1500 letters can be distinctly pronounced by some persons in a 
minute : every one of these must require a separate contraction of mus- 
cular fibres; and the production and cessation of each of the sounds, 
implies that each separate contraction must be followed by a relaxation 
of equal length ; each contraction, therefore, must have been effected in 
1 -3000th part of a minute, or in l-50th of a second. Haller calculated that, 
in the limbs of a dog at full speed, muscular contractions must take place 
in less than 1-2 00th of a second, for many minutes at least in succes- 
sion. — All these instances, however, are thrown into the shade, by those 
which may be drawn from the class of Insects. The rapidity of the 
vibrations of the wings may be estimated from the musical tone which 
they produce ; it being easily ascertained by experiments, what number 
of vibrations are required to produce any note in the scale (§ 628). 
From these data, it a])pears to be the necessary result, that the wings of 
many Insects strilce the air many hundred pr even maiiy thousand times 
in every second. — The minute precision with which the degi’ee of mus- 
cular contraction can be adapted to the designed effect, is in no instance 
more remarkable than in the Glottis. The musical pitch of the tones 
produced by it, is regulated by the degi’ce of tension of the rhordee vocales^ 
which are possessed of a very considerable degree of elasticity (§ 681). 
According to the observations of Muller, j" the average length of these, in 
the male, in a state of repose, is about 73-lOOths of an inch; whilst, in 
the state of greatest tension it is about 93-10()ths; the difference being 
therefore 20-100ths, or one-jifth of an incli : in the female glottis, the 
average dimensions are about 51-10(Hhs and 63-10()ths respectively; the 
difference being thus about one-eighth of an inch. Now the natural 
compass of the voice, in most persons who have cultivated the vocal organ, 
may be stated at about two octaves, or 24 semitones. Within each 
semitone, a singer of ordinary capability could produce at least ten dis- 
tinct intervals ; so that of the total number, 240 is a very moderate 
estimate. There must, therefore, be at least 240 different states of 
tension of the Vocal Cords, every one of which is producible by the will, 
without any previous trial ; and the tchole variation in the length of the 
cords being not more than one-fifth of an inch, even in man, the variation 
required to pass from one interval to another, will not be more than 

* ** Cyclopfedia of Anatomy and Physiology,’* Art. ‘ Contractility,’ 

t “ Elements of Physiology,” Baly’s translation, p. 1018. 
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l-1200tli of an inch. And yet tliis estimate is much below that which 
might be truly made from the performances of a practised vocalist.* 


CHAPTER XIV. 

OF THE VOICE AND SPEECH. 

1 . Of the Larynx^ and its Actions. 

G79. The sounds produced by the organ of Voice constitute the most 
important means of communication between Man and his fellows ; and 
the power of Speech has, therefore, a primary mfiiience, as well on his 


I Fig. 144. 



Median Section Mouth, Nose, Pharynx, and Laxynx.—a, septum of noscj below it, 
section of hard palate , h, tonpue , c, section of velum pendulum palati , d, d, hps ; «, uvula ; 
r anterior arch or pillar of fauces; i, posterior arch, t, tonsil , pharynx; h, hyoid bone; 
k thyroid cartilage, n, cricoid cartilage, «, epiglottis ; v, glottis; 1, posterior owning of 
uares; 3, isthmus faucium , 4, superior opening of larynx, 6, passage into oesophagus; 6, 
mouth of right Eustachian tube 

* It is said that the celebrated Madame Mara was able to sound 100 different intervals 
between each tone. The compass of her voice being at least three octaves, or 21 -tones, 
the total number of intervals was 2100, all comprised within an extreme variation 
of one-eighth of an inch ; so that it might be said that she was able to detennine the 
contractions of her vocal muscles to nearly the seventeen-thousandth of an inch. 
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physical condition, as on the development of his mental faculties. It is 
necessary to bear in mind that Vocal sounds, and Speech or articulate 
Language, are two things entirely different ; and that the former may be 
produced in great perfection, where there is no capability for the latter. 
Hence we might at once infer, that the instrument for the production of 
vocal sounds is distinct from that by which these sounds are modified 
into articulate speech ; and this we easily discover to be the case, the 
voice being imquestionably produced in the larynx^ whilst the modifica- 
tions of it by which language is formed, are effected for the most part in 
the oral cavity . — The structure and functions of the former, then, first 
claim our attention. 

680. It will be remembered that the Trachea is surmounted by a stout 
cartilaginous annulus, termed the Cricoid cartilage (Figs. 145, 146, A b. 


Fig. 145 . Fig. 146 . 



External and Sectional views of the Larvnx : — a n b, the cricoid cartilage ; B c g, the thyroid 
cartilage ; G, its upper horn ; c, its lower horn, where it is articulated with the cricoid ; r, the 
ar^rtenoid cartilage ; e f, the vocal ligament ; a k, crico-thyroideus muscle ; f e w», thyro-ary to- 
noideus muscle; x e, crico-arytenoideus lateralis; «, transverse section of arytenoideus trans- 
versus ; m n, space between thyroid and cricoid ; b l, projection of axis of articulation of 
arytenoid with thyroid. 

Fig. 147, r u xw); which serves as a foundation for the superjacent 
mechanism. This is embraced (as it were) by the Thyroid (Figs. 145, 146, 
EGG, Fig. 147, G E h), which is articidated to its sides by the lower horns 
(Figs. 145, 146, c), round the extremities of which it may be considered 
to turn as on a pivot. In this manner, the lower front border of the 
Thyroid cartilage, which is ordinarily separated by a small interval (Figs. 
145, 146, m n) from the upper margin of the Cricoid, may be made to 
approach it or to recede from it ; as any one may easily ascertain, by 
plying his finger against the little depression which may be readily felt 
externally, and observing its changes of size, whilst a range of different 
tones is sounded ; for it will then be noticed that, the higher the note. 
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the more the two cartilages are made to approximate, whilst they separate 
in proportion to the depth of the tones.* Upon the upper sur&ce of the 
back of the Cricoid, are seated the two small Arytenoid cartilages (Figs. 
145, 147, F f) ; these are fixed in one direction by a bundle of strong 
ligaments, which tie them to the 

back of the cricoid ; but they have ^ 

some power of moving in other di- j 

rectiona, upon a kind of articulating * 

surface. The direction of the sur- 

face, and the mode in which these 

cartilages are otherwise attached, 

cause their movement to be a sort 

of rotation in a plane which is 

nearly horizontal but partly down- ' 

wards ; so that their vertical planes 3^5 

may be made to sej)arate from each 
other, and at the sjime time to as- 
suine a slanting position. This 

change of place will be better un- i.,,? '» 

derstood, when the action of the 

muscles is described. To the sum- i 

mit of the Arytenoid cartila^fe are Bird’s-eye view of Larpu from above a B H, 
attached the chordcB vocales or Vocal thyroid cartilage, embracing the ring of the 

-r . J. /-iTi* 1 J r T-t- cricoid, r « X 1 C, and turning upon the axis, a? J5, 

i-ilgaments (rig. 145, E F, Fig. 147, which passes through the lower norn8,c, Fig. 146; 
T v'i which ^trpfpb-'icrnQat-rit-liofVriTif » F, IT p, the arytenoid cartilages, connected by 
r i mi * ^^^^sstotiietront arytenoideus transversus; x v, t v, the vocal 

01 the Thyroid cartilage : and it is ligaments ; WI, the right cHco-arytenoideus late- 
TV... w ralis (the left being removed); vA:/, the left 

upon tlie condition and relative tbyro-arytenoideus (the nglit being removed) ; 
situation of these ligaments, that Nf.irZ,the crico-arytenoldei postici; b, b, the 
® T . ^ crico-arytenoid ligaments. 

their action depends. It is evident 

that they may be rendered more or less tense, by the movement of the Thy- 
roid cartilage just described ; being tightened by the depression of its front 
upon the Cricoid cartilage, and slackened by its elevation. On the other 
hand, they may be brought into more or less close apposition, by the 
movement of the Arytenoid cartilages; being made to approximate nearly, 
or to recede in such a manner as to cause the rima glottidis to assume the 
form of a narrow V, by the revolution of these cartilages. — We shall now 
inquire into the actions of the muscles upon the several parts of this 
apjiaratus ; and first into those of the larynx alone. 

681. The depression of the front of the Thyroid cartilage, and the con- 
sequent tension of the Vocal Ligaments, is occasioned by the conjoint 
action of the Crico-thyroidei (Fig. 146, A k) on both sides ; and the chief 
antagonists to these are the Tkyro-arytenoidei (Fig. 145, r ?a, Fig. 147, 
V h /), which draw the front of the thyroid back towards the arytenoid 
cartilages, and thus relax the vocal ligaments. These two pairs of muscles 
may be regarded as the principal governors of the pitch of the notes, 
which, as we shall hereafter see, is almost entirely regulated by the tension 
of the ligaments; their action is assisted, however, by that of other 
muscles presently to be mentioned.’!’ — The arytenoid cartilages are made 


* In making this observation, it is necessary to put out of view the general movement 
of the Larynx itself, which the finger must be made to follow up and down, 
t Dr. P. Martyn has adduced various observations to show that the Thyi‘oid body 
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to diverge from each other, by means of the Crico-arytenoidei postici 
(Fig. 147, N 1) of the two sides, which proceed from their outer comers. 

Fra. 148. 


\\ ' 



Part of Pig. Ii7 enlarged, to show the Direction of t^ffdmcuhxr Forces which act on tlio 
Arytenoid cartilage:— n v s, the right Arytenoid cartilage; t v, its vocal ligament ; b b s, 
bundle of ligaments uniting it to Cricoid ; o p, projection of its axis of articulation ; hff, direc- 
tion of the action of the Thyro-arytenoideus ; n x, direction of Crico-arytenoideus lateralis; 
w w, direction of Crico-arytenoideus posticus; ir y, direction of Arytenoideus traiisversus. 

and turn somewhat round the edge of the Cricoid, to be attaclied to the 
lower part of its back ; their action is to draw tlie outer corners back- 
wards and downwards, so that the points to which the vocal ligaments are 
attached are separated from one another, and the rima glottidis is thrown 
open. This will be at once seen from the ])receding diagram, in which 
the direction of traction of the several muscles is laid-down. — The action 
of these muscles is partly antagonised by that of the Crico-an/tetioidei 
laterales (Fig. 147, N x), which run forwards and downwards from the 
outer corners of the Arytenoid cartilages, and whose contraction tends to 
bring their anterior points into the same straight line, depressing them 
at the same time, so as thus to close the glottis. These muscles are 
assisted by the Arytenoideus traiisversus (Fig. 147), which connects the 
posterior faces of the Arytenoid cartilages, and which, by its contraction, 
draws them together. By the conjoint action, therefore, of the Crico- 
arytenoidei laterales and of the Arytenoideus transversus, the whole ot 
the adjacent faces of the Arytenoid cartilages will be approximated, and 
the points to which the vocal ligaments are attached will be depressed. — 
But if the Arytenoideus be put in action in conjunction with the Crico- 
arytenoidei postici, the tendency of the latter to separate the Arytenoid 
cartilages being antagonised by the former, its backward action only will 

exerts an important influence on the pitch of the notes, by giving a certain firm- 
ness, rigidity, and tension to the larynx. He also suggests that this body may act as a 
loader^ yeAdering the vibrations of the vocal cords slower and longer, and the tone in 
consequence fuller, louder, and deeper, thus compensating for the small size of the 
larynx ; finally he believes that it aids, by its ‘changes in shape, bulk, and density, in 
producing the wonderful qualities of modulation and expression peculiar to the human 
voice. See ** Proceedings of the Royal Society,” vol. viii. p. 815. 
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be exerted ; and thus it may be caused to aid the Crico-thyroidei in 
rendering tense' the vocal ligaments. This action will be further assisted 
by the Sterno-thyroidei^ which tend to depress the Thyroid cartilage by 
pulling from a fixed point b^Jow;* and the Thyro-hyoidei will be the 
antagonists of these, when they act from a fixed point above, the Os 
Hyoides being secured by the opposing contraction of several other 
muscles. — The respective actions of these muscles will be best compre- 
hended by the following Table. 


Govern the pitch of the Notes. 


“ j Crioo-Tuyuoidei 'i 
( Sterno-Thyroidei ) 

o 

S \ Thyro-Arytenoidei ) 
^ \ Thyro-Hyoidei j 


I Depress the front of the Thyroid cartilage on the Cri- 
< coid, and stretch the vocal ligaments ; assisted by 
( the Arytenoideus and Crico-arytenoidei postici. 

i Elevate the front of the Thyroid cartilage, and draw 
it towards the Arytenoids, relaxing the vocal liga- 
ments. 


Govern the Aperture of the Glottib. 

Open the Glottis. 


! Press together the inner edges of the Ary- 
tenoid cartilages, and close the Glottis. 

682. The muscles whicli stretch or relax tlie Vocal ligaments, are 
entirely concerned in the production of Voice : those which govern the 
aperture of the Glottis have important functions in connection with the 
Respiratory actions in general, and stand as guards (so to speak) at the 
entrance to the lungs. These separate actions are easily made evident. 
In the ordinary condition of rest, it seems probable that the Arytenoid 
cartilages are considerably separated from each other ; so as to cause a 
wide opening to intervene between their inner faces and between the 
vocal ligaments, through which the air freely passes ; and the vocal liga- 
ments are at the same time in a state of complete relaxation. — Nf e can 
close the aperture of the Glottis by an exertion of the will, during either 
inspiration or expiration; and its closure by an automatic impulse 
forms part of the acts of Coughing and Sneezing (§ 280), besides giving- 
rise to those more prolonged impediments to the ingress and egress 
of air, which have been already noticed as resulting from disordered 
states of the Nervous system. With these actions, the muscles which 
regulate the tension of the vocal ligaments have nothing to do ; and we 
have seen that they are performed by the instrumentality of the Pneumo- 
gastric or proper Respiratory nerve (§§ 577, 278). — The appearances 
Avliich present themselves when the interior of the Larynx is examined 
during life arc, according to Prof. Czermak, that in the almost semi- 
lunar space bounded by the posterior wall of the Pharynx (Fig. 149) and 
the base of the tongue, the upper curved free edge of the epiglottis (e) is 
seen, its lateral portions just touching the posterior pharyng^ wall, and 

* These are not usually reckoned among the principal muscles concerned in regulating 
the voice ; but that they are so, any one may convince himself by placing his finger just 
above the sternum, whilst he is sounding high notes ; a strong fe^ng of muscular ten- 
sion is then at once perceived. 


A Crioo-Arytenoidei postici 

ea 

1 

5 j Crico-Arytenoidei laterales ) 
^ ( Arytenoideus transversus j 
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Condition of the iMtynx as seen by 
Ihe Laryngoscope during tranquil re- 
spiration :—e, epiglottis; ob, fissure-like 
opening ofoesopnagus; c.fold of mucous 
membrane bounding the opening of the 
glottis posteriorly, and extending be- 
tween the tubercles of the cartilages of 
Santorini. 


its central portion arching forwards, so as to leave an interval for the 
passage of air in the median line. Near the centre of the cleft between 

the upper border of the epiglottis and the 
Fig. 149. walls of the pharynx, a transverse band or 

cushion (c) is also seen, of a reddish 
colour, and formed by the edge of the fold 
of mucous membrane sustained between 
the two separated arytenoid cartilages (a, a). 

ih^L^goscope d^rtranqSr rl anterior outline of the fold is concave 

spiration c , epiglottis; ob, fissure-like ill front, and forms with the superior border 
S’SMebSdiS^ti.eo^n'ingKJ the epiglottis, which is concave behind 
glottis posteriorly, and extending be- and situated a little higher, a narrow trans- 
tween the tubercles of the cartilages of 1 n* .L* 1 JL* ° 1 

Santorini. versely-elliptical nssure. ii the vowel a 

be now sounded as in ah or ehy the 
semilunar space behind the base of the tongue is enlarged, the epi- 
glottis rises and separates from the posterior wall of the pharynx, the 
glottis becomes widely opened, and a considerable portion of the anterior 
wall of the trachea can be perceived. A small rounded swelling situated 
to the outer side of the tubercles of Santorini, which was previously 
concealed by the lateral border of the epiglottis, now also comes into 
view. The movements of the arytenoid cartilages during the production 
of vocal sounds can be very distinctly observed by the laryngoscope, and 
the account given by Prof. Czermak possesses considerable interest, since 
it fully corroborates the views derived from theory and experiment on 
the dead subject, which had been expressed before the introduction of the 

instrument. As soon as we wish to 
Fig. 150. utter a sound, the two arytenoid carti- 

lages raise themselves in the fold of mu- 
cous membrane which covers them, and 
approach one another with surprising 
mobility. This movement effects the 
approximation of the vocal cords, and 
Condition of the Lari/fue during the consequently the constriction of the 

Glottis(Fig. 150). Thestudyofthemode 

arytenoid cartilages; e, epiglottis; ivc, of formation of the gravest chest-sounds 
inferior or true vocal cord :« t) c, superior • . i j. i* 

or false vocal cord of right side. extremely diiiicult, on account ol 

the arytenoid cartilages becoming ele- 
vated and rapidly approaching one another until they come almost into 

complete contact, whilst they bend under 
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such a manner that the latter, as viewed 
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interior of the Larynx. During the emis- 
sion of the most acute sounds, the Glottis 
is contracted in a linear form (Fig. 151); on 
each side we perceive the vocal cords dis- 
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oonoitiou ot tne iMrynx during the 
emission of the broad vowel sound (A) : — a, 
cartilages of Santorini surmounting the 
arytenoid cartilages; e, epiglottis; ivc, 
inferior or true vocal cord ; « d c, superior 
or false vocal cord of right side. 
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with the erected arytenoid cartilages, the epiglottis pulled upwards 
and forwards, and the aryteno-epiglottidian ligaments, together form 
a short and stiff tube situated above the Glottis ; the whole appearing, 
from the sensations we experience during the experiment, to be in a 
state of very ^eat tension.* That the aperture of the glottis is greatly 
narrowed during the production of soimds, is easily made evident to one’s- 
self, by comparing the time occupied by an ordinary expiration, with that 
required for the passage of the same quantity of air during the sustenance 
of a vocal tone. Further, the size of the aperture is made to vary in 
accordance with the note which is being produced ; of this, too, any one 
may convince himself, by comparing the times during which he can hold 
out a low and a high note ; from which it will appear that the aperture 
of the glottis is so much narrowed in producing a high note, as to permit 
a far less rapid passage of air than is allowed when a low one is sounded. 
According to Kempelen no sound is elicited when the distance between 
the Chordae Vocales exceeds 1-lOth to l-12th of an inch. The muscular 
movements concerned in the act of vocalization, appear to be called-forth 
by the instrumentality of the motor fibres, partly derived from the Spinal 
Accessory nerve, which are contained in the Pneumogastric (§ 481). 

683. We have now to inquire what is the operation of the Vocal 
Ligaments in the production of sounds ; and in order to. comprehend this, 
it is necessary to advert to the conditions under which tones are pro- 
duced by instruments of various descriptions having some analogy with 
the Larynx. These are chiefly of three kinds ; strings, flute-pipes, and 
reeds or tongues. — The Vocal Ligaments were long ago compared by 
Ferrein to vibrating strings ; and at first sight there might seem a con- 
siderable analogy, the sounds which both produce being elevated by 
increased tension. This resemblance disappears, however, on more accu- 
rate comparison ; for it may be easily ascertained by experiment, that no 
string so short as the vocal ligaments could give a clear tone at all to be 
compared in depth with that of the lowest notes of the human voice ; and 
also, that the scale of changes produced by increased tension is funda- 
mentally different. When strings of the same length but of different 
tensions are made the subject of comparison, it is found that the number 
of vibrations is in proportion to the square-roots of the extending forces. 
Thus, if a string extended by a given weight produce a certain note, a 
string extended by four times that weight will give a note in which the 
vibrations are twice as rapid ; and this will be the octave of the other. If 
nine times the original weight be employed, the vibrations will be three 
times as rapid as those of the fundamental note, producing the twelfth 
above it. Now by fixing the larynx in such a manner that the vocal 
ligaments can be extended by a Imown weight, MuUer has ascertained 
that the sounds produced by a variation of the extending force do not 
follow the same ratio ; and therefore the condition of these ligaments 
cannot be simply that of vibrating cords. Further, although a cord of a 
certain length, which is adapted to give-out a clear and distinct note 
equal in depth to the lowest of the human voice, may be made by in- 
creased tension to produce all the superior notes (which, in stringed 
instruments, are ordinarily obtained by shortening the strings), it does 

* ** On the Laryngoscope,’* Syd. Soc. Trans., 1861, pp. 87-8 ; see also ** The 
Laryngoscope,” by Oeorge D. Gibb, M.D., London, 1863. 
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not follow that a short string, which, with moderate tension, naturally 
produces a high note, should be able, by a diminution of the tension, to 
give-out a deep one ; for, although this might be theoretically possible, 
yet it cannot be accomplished in practice ; since the vibrations become 
irregular on account of the diminished elasticity.* These considerations 
are in themselves sufficient to destroy the supposed analogy; and to 
prove that the Chordaj Vocales cannot be reduced to the same category 
with vibrating strings. 

684. The next kind of instrument with which some analogy might 
be suspected, is the Jlute-pij^e, in which the sound is produced by the 
vibration of an elastic column of air contained in the tube ; and the 
pitch of the note is determined almost entirely by the length of the 
column, although slightly modified by its diameter, and by the nature 
of the embouchure or mouth from which it issues. This is exemplified 
in the German Flute, and in the English Flute or Flageolet ; in both of 
which instruments the acting length of the pipe is determined by the 
interval between the embouchure and the nearest of the side-apertures ; 
by opening or closing wliich, therefore, a modification of the tone is pro- 
duced. In the Organ, of which the greater number of pipes are con- 
structed upon this plan, there is a distinct pipe for every note ; and their 
length increases in a regular scale. It is, in fact, with flute-pipes as with 
strings, — that a diminution in length causes an increase in the number 
of vibrations, in a simply -inverse proportion ; so that of two pipes, one 
being half the length of the other, the shorter will give a tone wliich is 
the octave above the other, the vibrations of its column of air being twice 
as rapid. Now there is nothing in the form or dimensions of the column 
of air between the larynx and the mouth, which can be conceived to 
render it at all capable of such vibrations as are required to produce the 
tones of the Human voice ; though there is some doubt whether it be not 
the agent in the musical tones of certain Birds. The length that would 
be required in an open pipe to give the lowest G of the ordinary bass 
voice, is nearly six feet ; and the conditions necessary to produce the 
higher notes from it, are by no means those which we find to exist in the 
process of modulating the hiunan voice. 

685. We now come to the third class of instruments, in which soiuid 
is produced by the vibration of reeds or tongues / these may either possess 
elasticity in themselves, or be made elastic by tension. The ‘ free’ reeds 
of the Accordion, Concertina, Serajdiine, Harmonium, &c., are examples 
of instruments of this character, in which the lamina vibrates in a sort 
of frame that allows the air to pass-out on aU sides of it through a narrow 
channel, thus increasing the strength of the blast : whilst in the Hautboy, 
Bassoon, &c., and in the Organ-pipes of similar construction, the reed 
covers an aperture at the side of one end of a pipe. In the former kind, 
the sound is produced by the vibration of the tongue alone, and is regu- 
lated entirely by its length and elasticity ; whilst in the latter its pitch is 
dependent upon this conjointly with the length of the tube, the column 
of air contained in which is thrown into simultaneous vibration. Some 
interesting researches on the effect produced on the pitch of a sound 

* Thus it would be impossible to produce good Bass notes on the strings of a Violin, 
by diminishing their tension ; the length afforded by the Violoncello or Double Bass is 
requisite. 
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given by a reed through the union of it with a tube, have been made by 
M. W. Weber ; and, as they are important in furnishing data by which 
the real nature of the vocal organ may be determined, their chief results 
will be here given. — i. The pitch of a reed may be lowered, but cannot 
be raised, by joining it to a tube. ii. The sinking of the pitch of the 
reed thus produced is at the utmost not more than an octave, iii. The 
fundamental note of the reed thus lowered may be raised again to its 
original pitch by a further lengthening of the tube, whilst by a further 
increase it is again lowered, iv. The length of tube necessary to lower 
the pitch of the instrument to any given point, depends on the relation 
which exists between the frequency of the vibrations of the tongue of the 
reed, and those of the column of air in the tube, eacli taken separately. — 
From these data, and from those of the preceding paragraph, it follows 
that, if a wind-instrument can, by the prolongation of its tube, be made 
to yield tones of any depth in proportion to the length of the* tube, it 
must be regarded as a flute-pipe ; whilst if its pitch can only be lowered 
an octave or less (the embouchure remaining the same) by lengthening 
the tube, we may be certain that it is a reed instrument. The latter 
proves to be the case in regard to the Larynx. 

G8G. It is evident from the foregoing considerations, that the action of 
the Larynx has more analogy to that of reed instruments, than it has to 
that either of vibrating strbuj^^ or of flute-pipes ; and though there would 
seem, at first sight, to bo a marked difference in character between the 
vocal ligaments and the tongue of any reed instrument, this difference is 
really by no means considerable. In a reed, elasticity is a 2 )roperty of 
the tongue itself, when fixed at one end, the other vibrating freely ; but 
by a membranous lamina, fixed in the same manner, no tone would be 
jiroduced. If such a lamina, hoAvever, be made clastic by a moderate 
degree of tension, and be fixed in such a manner as to be advantageously 
acted-on by a current of air, it will give a distinct tone. It is observed 
by Muller, that membranous tongues made elastic by tension may have 
either of three different forms : — i. That of a band extended by a cord, 
and included between two firm plates, so that there is a cleft for the 
passage of air on each side of the tongue, ii. The elastic membrane may 
be stretched over the half or any 2 )ortion of the end of a short tube, the 
other part being occiqoied by a solid plate, between which and the elastic 
membrane a narrow fissure is left. iii. Two elastic membranes may be 
extended across the mouth of a short tube, each covering a portion of the 
opening, and having a chink left ojoen between them. — This last is evi- 
dently the form most allied to the Human Glottis ; but it may be made 
to approximate still more closely, by j^rolonging the membranes in a 
direction parallel to that of the current of air, so that not merely their 
edges, but their whole planes, shall l)e thrown into vibration. Upon this 
principle, a kind of artificial f/lottis has been constructed by Mr. Willis ; 
the conditions of action and the effects of which are so nearly allied to 
that of the real instrument, that the similar character of the two can 
scarcely be doubted. The following is his description of it. Let a 
wooden pipe be prepared of the form of Fig. 152 a, having a foot, c, like 
that of an organ-pipe, and an upper opening, long and narrow, as at B, 
with a point. A, rising at one end of it. If a piece of leather, or still 
better, of sheet India-rubber, be doubled round this point, and secured 
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by being bound round the pipe at d with strong thread, as in Fig. 152 
it will give us an artificial glottis with its upper edges G h, which may be 


Fio. 162 . 



Artificial Glottis. 


made to vibrate or not, at pleasure, 
by inclining the planes of the 
edges. A couple of pieces of cork, 
E F, may be glued to the corners, 
to make them more manageable. 
From this machine various notes 
may be obtained, by stretching the 
edges in the direction of their 
length G H ; the notes rising in 
pitch with the increased tension, 
although the length of the vibrat- 
ing edge is increased. It is true 
that a scale of notes equal in extent 
to that of the human voice cannot 
be obtained from edges of leather ; 
but this scale is much greater in 
India-rubber than in leather, and 
the elasticity of them both is so 


much inferior to that of the vocal 


ligaments, that we may readily infer that the greater scale of the latter is due 
to its greater elastic powers.” By other experimenters, the tissue forming the 
middle coat of the arteries has been used for this purpose, in the moist state, 
with great success ; with this, the tissue of the vocal ligament is nearly 
identical. It is worthy of remark that, in all such experiments, it is found 
that the two membranes may be thrown into vibration, when inclined 
towards each other in various degrees, or even when they are in parallel 
planes, and their edges only approximate ; but that the least inclination 
/row each other (which is the position the vocal ligaments have during 
the ordinary state of the glottis, § 682), completely prevents any sonorous 
vibrations from being produced. 

687. The pitch of the notes produced by membranous tongues may be 
affected in several ways. Thus, an increase in the strength of the blast, 
which has little influence on metallic reeds, raises their pitch very con- 
siderably ; and in this manner the note of a membranous reed may be 
raised by semitones, to as much as a fifth above the fundamental. The 
addition of a pipe has nearly the same effect on their pitch, as on that of 
metallic reeds ; but it cannot easily be determined with the same pre- 
cision. Several different notes may be produced with a pipe of the same 
length ; but there is a certain length of the column of air, which is the 
one best adapted for each tone. It has been recently ascertained, more- 
over, that the length of the pipe prefixed to the reed has a considerable 
influence on its tone, rendering it deeper in proportion as it is pro- 
longed, down to nearly the octave of the fundamental note ; but the 
pitch then suddenly rises again, as in the case of the tube placed beyond 
the reed. The researches of Muller, however, have not succeeded in 
establishing any very definite relation between the lengths of the two 
tubes, in regard to their influence on the pitch of the reed placed between 
them. 


688. From the foregoing statements it appears, that the true theory of 
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the Voice may now be considered as well established, in regard to this 
essential particular, — that the sound is the result of the vibrations of the 
vocal ligaments, which take place according to the same laws with those 
of metallic or other elastic tongues : and that the pitch of the notes is 
chiefly governed by the tension of these lamina?.* With respect, how- 
ever, to the mode and degree in which these tones are modified by the 
shape of the air-passages both above and below the larjmx, by the force 
of the blast and by other concurrent circumstances, little is certainly 
known ; but no doubt can be felt that these modifications are of great 
importance, when we observe the great amount of muscular action which 
takes place consentaneously with the production of vocal tones, and 
which seems designed to alter the length and tension of the various 
parts of the vocal tuhe^ so that they may vibrate synchronously with the 
vocal cords. Thus, during the ascent of the voice from the deeper to the 
higher notes of the scale, we find the whole larynx undergoing an eleva- 
tion towards the base of the cranium, the thyroid cartilage being drawn 
up within the os-liyoides, so as even to press on the epiglottis ; at the 
same time, the small space between the thyroid and cricoid cartilages, or 
crico-thyroid chink, is closed by the depression of the front of the former 
upon the latter (§ G80) ; the velum palati is depressed and curved for- 
wards ; and the tonsils approach one another. The reverse of aU these 
movements takes place during the descent of the voice. — A very impor- 
tant adjunct to the production of the higher notes has been pointed-out 
by Muller, as being afforded by the modification in the space included 
between the two sides of the thyroid cartilage, which is efected by the 
thyro-arytenoidei. He had experimentally ascertained that the intro- 
duction of a hollow plug into the upper end of the pipe beneath his 
artificial larynx (and therefore just below the reed), by diminishing its 
aperture, produced a considerable elevation of the tone. The action may 
be imitated in the human larynx, when made the subject of experiment, 
by compressing the thyroid cartilage laterally ; and in this manner, the 
natural voice can be made to extend through a range that could other- 
wise be only reached by a falsetto. The influence of the prefixed and 
superadded tubes, in modifying the tones produced by the Human larynx, 
has been found by Prof. Muller not to be at all comparable to that which 
they exercised over the artificial larynx ; the reason of which difference 
does not seem very apparent. It appears, however, that there is a certain 
length of the prefixed tube — as there is a certain distance of the vibrating 
laminae, and a certain length or form of the tube above, — wliich is most 
favourable to the production of each note ; and the downward movement 
of the whole vocal organ, which takes-place when we are sounding deep 

* It is considered, however, by Mr. Bishop Cyclop, of Anat. and Physiol vol. iv, 
p. I486), that the vocal apparatus combines the properties of a stretched cord, a mem- 
branous pipe with a column of air vibrating in it, and a reed ; and is the perfect type, 
of which these instruments are only imperfect adaptations. The Author is unable, 
however, to deduce from Mr. Bishop’s previous statements the grounds upon which he 
makes this assertion ; and does not understand how any instrument can combine the 
actions of strings and of iongueSy the laws of whose vibration are so different. That the 
column of air in the air-passages is thrown into vibration consentaneously with the pro- 
duction of sound by the vocal cords, and intensifies that sound by reciprocation, can 
scarcely be doubted ; but the reasons previously given appear to the Author sufficient 
to disprove the notion that this vibration is at all more essential to the production of 
the vocsd tone, than it is in the reed-pipe of an organ. 
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notes, and its rise during the elevation of the tones, have been supposed 
to answer the purpose of making this adjustment in the length of the 
trachea ; but this requires the supposition that the real length of the 
trachea is shortened whilst it appears extended, — for which there seems 
no foundation. It is considered by Mr. Wlieatstone, that the column of 
air in the trachea may divide itself into ^ harmonic lengths/ and may 
produce a reciprocation of the tone given by the vocal ligaments (§ 631 ) ; 
and in this manner he considers that the falsetto notes are to be explained. 
It may be added that the partial closing of the epiglottis seems to assist 
in the production of deep notes, just as the partial covering of the top of 
a short pipe fixed to a reed will lower its tone ; and that something of 
this kind takes place during natural vocalisation, would a])pear from the 
retraction and depression of the tongue, wliich accomi^any the lowering 
of the front of the head Avhen the very lowest notes are being sounded. 
The experiments of Savart have shown, that a cavity which only responds 
to a shrill note, when its walls are firm and dry, may be made to afford 
a great variety of lower tones, when its walls are moistened and relaxed 
in various degrees. This observation may probably be applied also to 
the trachea. 

G89. falsetto is a peculiar modification of the voice, differing from 
the ‘ chest-voice,’ not merely in the higher jutch of its notes, but also in 
their quality ; its tones being less reedy, and more like the ‘ harmonic 
notes’ of stringed and wind instruments. In some individuals, the 
chest-voice passes I'^y imperceptible gradations into the falsetto, whilst in 
others the transition is abrupt ; and some persons can sound the same 
notes in the two different registers, these notes forming the upper part of 
the scale of the chest-voice, and the loAver part of the falsetto.* — With 
regard to the theory of the production of the falsetto voice, there has 
been considerable difference of opinion amongst Physiologists ; and it 
cannot be regarded as fully determined. By Magendie and Mayo it was 
maintained that these tones are ])roduccd by the vibration of the vocal 
cords along only half their length, the rima glottidis being partly closed ; 
and this explanation is consistent with the fact, that a far smaller 
quantity of air is required for sustaining a falsetto note, than for a note 
of the ordinary register, even though they should be of the siime pitch. 
By Muller, again, it is asserted that in the production of the falsetto 
notes, merely the thin border of the glottis vibrates, so that the fissure 
remains distinctly visible ; whilst, in the production of the ordinary vocal 
tones, the whole breadth of the vocal ligaments is thrown into strong 
vibrations, which traverse a wider space, so that a confused motion is 
seen in the lips of the glottis, rendering its fissure indefinite. It is not 
impossible that both these doctrines may be correct; and that, in the 
production of fiilsetto notes, the vocal ligaments are in contact with each 
other for part of their length, their thin edges only being in vibration in 

* Thus a gentleman of the Author’s acquaintance has a bass voice of a harsh reedy 
character, ranging from the B below the bass cleff to the D above it (two octaves) ; whilst 
his falsetto, which is remarkable for its clearness and smoothness, ranges from the A on 
the highest line of the bass cleff to the E in the highest space of the treble cleff. ’Hence 
there are five notes common to the two registers, and the entire voice ranges through 
more than three octaves ; but from want of a gradual passage from one to the other, 
this gentleman can only sing bass parts with his chest-voice, or alto parts with his fal- 
setto, the tenor scale exten^ng above the range of one, and below that of the other. 
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the remainder. It has been pointed-out by Mr. Bishop (loc. cit.), that 
at the moment of transition from the ‘ chest-voice’ to the ‘ falsetto- voice,’ 
the crico-thyroid chink, which was closed during the production of the 
highest note of the former, suddenly opens on the production of the lowest 
note of the latter ; thus indicating that the Vocal Cords are relaxed in 
the passage from the one to the other, as must be the case, if, for the 
production of the same note, they be only put in vibration along a part 
of their length ; so that it would not seem improbable that the cause of 
those differences in the mode of transition which have been already no- 
ticed, lies in the differences in the proportional amount of the vocal cords, 
which is thus thrown-out of use by the partial approximation of the two 
lips of the rima glottidis. It is further remarked by Mr. Bishop, that, in 
the passage from the chest- to the falsetto-voice, the larynx descends 
from its previously-elevated position, and gradually rises again with the 
ascending scale of falsetto notes ; and he mentions a case of double falsetto^ 
in which a third register existed, and in which the relaxation of the 
Vocal cords and the descent of the larynx were observed at its com- 
mencement, as at the commencement of the second or ordinary falsetto 
register. — An entirely different theory of the falsetto has been given, 
however, by MM. Petreqiiin and Diday ;* who consider that the falsetto 
notes are not produced by the vibration of the vocal cords, but are really 
‘ flute-notes,’ formed by the vibrations of the column of air to which the 
rima glottidis then serves as the embouchure. This view harmonizes 
well with some of the phenomena of the falsetto-voice ; but it is open to 
the objections already stated in regard to the flute-theory generally. 
According to M. Garcia, again,f in the production of the falsetto-register 
the external fibres of the lateral crico-arytenoid muscle remain inactive, 
whilst the lips of the glottis, stretched by the horizontal bundle of the 
thyro-arytenoid, come in contact by their edge alone, and offer little 
resistance to the air. In the chest-voice, on the contrary, the contraction 
of the lateral crico-arytenoids gives a rotatory movement to the cartilages, 
and increases the depth of the surface of contact of the two ligaments, and 
it is to this circumstance that the peculiar amplitude of the notes of the chest- 
register is attributable. It maybe added that some have attempted to show, 
that the falsetto depends upon a peculiar action of the parts above the larynx ; 
but for this doctrine there is no foundation whatever. — The pressure of the 
air within the Trachea during the production of voice is considerable. 
Cagniard Latour observed in a man with a tracheal fistula, that the 
pressure indicated by a manon^eter when the patient called out at the 
top of his voice, was equal to a column of water 38 inches in height ; 
when he spoke at his usual pitch, to one of 5 inches ; and when he sang a 
high note, to one of about 8 inches The deepest notes the human 
Larynx is capable of producing have about 80 double vibrations in the 
second, the highest about 992 ; the former occurring in bass, the latter in 
soprano voices. 

690. The various muscular actions wliich are employed in the produc* 
tion and regulation of the Voice, are called-forth by an impulse which 
has been shown (§§ 525, 530) to be really automatic in its operation, 
and to be completely under the influence of guiding sensations, although 
usually originating in a Volitional determination, or giving expression't^ 
* “ Gaaette M^dicale,” 1844. t “ Proceedings of the Royal Society,’* vol. vii. p, 408. 
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Emotions or simply to Ideas. This, however, has been proved to be also 
true of all Volitional movements ; so that the production of vocal tones 
constitutes no real exception. It may be safely affirmed, that the simple 
utterance of sounds is in itself an Instinctive action ; although the combi- 
nation of these, whether into music or into articulate language, is a matter 
of acquirement, which is much more readily made by some individuals 
than by others. No definite tone can be produced by a Voluntary effort. 
Tinless that tone be present to the consciousness during an interval — 
however momentary, — either as immediately produced by an act of Sen- 
sation, recalled by an act of Conception, or anticipated by an effort of 
the Imagination. When thus present, the Will can enable the muscles to 
assume the condition requisite to produce it ; but under no other circum- 
stances does this happen, except through the particular mode of discipline 
by which the congenitally-deaf may be trained to speak. Such persons 
are debarred from learning the use of Voice in the ordinary manner ; for 
the necessary guidance cannot be afforded, either through sensations of 
the present or conceptions of the past, and the imagination is entirely 
destitute of power to suggest that which has been in no shape experienced. 
But they may be taught to acquire an imperfect speech, by causing them 
to imitate particular muscular movements, which they may be made to 
see ; being guided in the imitation of those movements, in the first place 
by watching their own performance of them in a looking-glass, and after- 
wards by attending to the muscular sensfitions which accompany them. 
Many instances, indeed, are on record, in which persons entirely deaf 
were enabled to carry-on a conversation in the regular way ; judging of 
what was said by the movements of the lips and tongue, which they had 
learned to connect with particular syllables ; and regulating their own 
voices in reply, by their voluntary power, guided in its exercise by their 
muscTilar sensations.* 


2. Of Articvlate Sounds. 

691. The larynx, as now described, is capable of producing those tones 
of which Voice fundamentally consists, and the sequence of which becomes 
Music : but Speech consists in the modification of the laryngeal tones, by 
other organs intervening between the Glottis and the Os externum, so as 
to produce those articulate sounds of which language is formed. It can- 
not be questioned that Music has its language ; and that it is susceptible 
of expressing Emotional states of the mind (among those, at least, who 
have been accustomed to associate these with its varied modes) to even a 
higher degree than articulate speech. But it is incapable of ad- 
dressing the Intellect, by conveying definite ideas of objects, properties, 
actions, &c., in any other way than by a kind of imitation, which may be 
compared to the signs used in hieroglyphic writing. These ideas it is the 
peculiar province of Articulate Language to convey ; and we find 
that the vocal organ is adapted to form a large number of simple sounds, 
which may be readily combined into groups, forming words. The num- 
ber of combinations which can be thus produced is so inexhaustible, that 
every language has its own peculiar series ; no difficulty being found in 
forming new ones to express new ideas. There is considerable diversity 
in different languages, even with regard to the use of the simplest of these 
combinations ; some of them are more easy of formation than others, and 
* See Dr. Johnstone “On Sensation/^ p. 128. 
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these accordingly enter into the composition of all languages ; whilst of 
the more difficult ones, some are employed in one language, some in 
another, — no one language possessing them all. Without entering into 
any detailed account of the mechanism required to produce each of these 
simple sounds, a few general considerations will be offered in regard to 
the classification of them ; and the peculiar defect of articulation termed 
Stammering will be briefly treated-of. 

692. Vocal sounds are divided into Vowels and Consonants; and the 
distinctive characters of these are usually considered to be, that the 
Vowels are produced by the Voice alone, whilst the sound of the Con- 
sonant is formed by some kind of interruption to the voice, so that they 
cannot be properly expressed unless conjoined with a vowel. The dis- 
tinction may be more correctly laid-down, however, in this manner : — 
the Vowel-sounds are continuous tones, modified by the form of the 
aperture through which they pass-out ; whilst in sounding Consonants, 
the breath suffers a more or less complete interruption in its passage through 
parts anterior to the larynx. Hence the really-simple Vowel-sounds are 
capable of prolongation during any time that the breath can sustain them ; 
this is not the case, however, with the real Diphthongal sounds (of which 
it will presently appear that the English i is one) ; whilst it is true of some 
Consonants. It seems to have been forgotten by many of those who have 
written upon this subject, that the laryngeal voice is not essential to the 
formation of either vowels or consonants ; for all may be sounded in 
a whisper. It is very evident, therefore, that the larynx is not primarily 
concerned in their production ; and this has been fully established by the 
following experiment. A flexible tube was introduced by M. Deleau 
through his nostril into the pharynx, and air was impelled by it into the 
fauces ; then, closing the larynx, he threw the fauces into the different 
positions requisite for producing articulate sounds, when the air impelled 
through the tube became an audible whisper. The experiment was re- 
peated, with this variation, — that the laryngeal sounds were allowed to 
pass into the fauces ; and each articulated letter was then heard double, 
in a proper voice and in a whisper. 

693. That the Vowels are produced by simple modifications in the form 
of the external passages, is easily proved both by observation and by 
imitative experiment. When the mouth is opened wide, the tongue de- 
pressed, and the velum palati elevated, so as to give the freest possible 
exit to the voice, the vowel a in its broadest form (as in ali) is sounded.* 
On the other hand, if the oral aperture be contracted, the tongue being 
still depressed, the sound oo (the continental w) is produced. If attention 
be paid to the state of the buccal cavity, during the pronunciation of the 
different vowel-sounds, it will be found to undergo a great variety of 
modifications, arising from varieties of position of the tongue, the cheeks, 
the lips, and velum palati. The position of the tongue is, indeed, one of 
the primary conditions of the variation of the sound ; for it may be easily 
ascertained that, by peculiar inflexions of this organ, a great (fiversity of 
vowel-sounds may be produced, the other parts remaining the same. 
St^ there is a certain position of all the parts, which is most favourable 

* This sound of the vowel a is scarcely used in our language, though very oommon in 
most of the Continental tongues ; the nearest approach to it in English is the a in /or; 
hut this is a very perceptible modification, tending towards aw. ^ 

3 A 2 
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to the formation of each of these sounds ; but this could not be expressed 
without a lengthened description. The following table, slightly altered 
from that of Kempelen, expresses the relative dimensions of the buccal 
cavity and of the oral orifice for some of the principal of these; the 
number 5 expressing the largest size, and the others in like propor- 
tion : — * 


Vowel, 

a 

a 

e 

0 

00 


Sound. 

Size qf oral opening. 

Size buccal ocmty. 

as in aA . 

. . . 5 . . . 

... 6 

as in name 

. . . 4 . . . 

... 2 

as in theme 

. . . 3 . . . 

... 1 

as in cold . 

. . . 2 . . . 

... 4 

as in cool . 

. . . 1 . . . 

... 6 


These are the sounds of the five vowels, a, e, i, o, w, in most Continental 
languages ; and it cannot but be admitted that the arrangement is a much 
more natural one than that of our own vowel series. The English a has 
three distinct sounds capable of prolongation;* — the true broad a of u7i, 
slightly modified in Jar ; the a of fate, corresponding to the e of French ; 
and the a of fall, which should be really represented by an. This last is 
a simple sound, though commonly reckoned as a diphthong. In Kempelen’s 
scale, the oral orifice reqidred to produce it would be about 3, and the 
size of the buccal cavity 4.| On the other hand, the sound of the English 
i cannot, like that of a true vowel, be prolonged ad lihitnm ; it is in fact 
a sort of diphthong, resulting from the transition from a peculiar indefinite 
murmur to the sound of e, which takes its place when we attempt to con- 
tinue it. The sound oy or oi, as in oil, is a good example of the true 
diphthong ; being produced by the transition from au to e. In the same 
manner, the diphthong ou, which is the same with ow in owl, is produced 
in the rapid transition from the broad a of ah, to the oo of cool. — Much 
discussion has taken-place as to the true character of y, when it com- 
mences a word, as in yet, yawl, &c. ; some having maintained that it is a 
consonant (for the very unsatisfactory reason that we are in the habit of 
employing a rather than an, when we desire to prefix the indefinite article 
to such words), whilst others regard it as a peculiar vowel. A slight atten- 
tion to the position of the vocal organs during its pronunciation, makes 
it very clear that its sound in such words really corresponds with that of 
the long (English) e ; the pronunciation of the word yawl being the same 
as that of eaul, when the first sound is not prolonged, but rapidly trans- 
formed into the second. The sound of the letter w, moreover, is really of 
the vowel character, being formed in the rapid transition from oo to the 
succeeding vowel ; thus wall might be spelt ddal. Many similar difficulties 
might be removed, and the conformity between spoken and written lan- 
guage might be greatly increased (so as to render far more easy the ac- 
quirement of the former from the latter), by due attention to the state of 
the vocal organs in the production of the simple sounds. 

694. It is not very difficult to produce a tolerably good artificial imita- 

* The short vowel Bounds, as a in fat, e in met, o in pot, &c., are not capable of pro- 
longation. 

+ The mode of making a determination of this kind may here he given, for the sake of 
example. If the broad a be sounded, the mouth and fauces being opened wide, and we 
contract the oral orifice by degrees, at the same time slightly elevating the point of the 
tongue, we gradually come to the sound of au ; by still further contracting the orifice, 
and ag^ depressing the tongue, we form oo. On the other hand, in sounding e, the 
tongue is raised nearly to the roof of the mouth ; if it be depressed, without the position 
of the lips being altered, au is given. 
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tion of the Vowel-sounds. The method adopted by Helmholtz of combining 
the fundamental note with various harmonics for each vowel has been 
akeady referred to (§ 629). By Kempelen it was accomplished by means 
of an India-rubber ball, with an orifice at each end, of which the lower 
one was attached to a reecj i by modifying the form of the ball, the dif- 
ferent vowels could be sounded during the action of the reed. He also 
employed a short funnel-like tube, and obtained the different sounds by 
covering its wide opening to a greater or less extent. This last experi- 
ment has been repeated by Mr. Willis ; who has also found that the vowel 
sounds might be imitated, by drawing-out a long straight tube from the 
reed. In this experiment he arrived at a curious result : — ^with a tube of 
a certain length, the series of vowels, 2 , e, a, o, w, was obtained by gradu- 
ally drawing it out ; but if the length was increased to a certain point, a 
further gradual increase would produce the same sequence in an inverted 
order, w, o, a, e, i; a still further increase would produce a return to the 
first scale, and so on. When the pitch of the reed was high, and the pipe 
short, it was found that tlie vowels o and u could not be distinctly formed, 
— the proper tone being injured by the elongation of the pipe necessary to 
produce them ; and this, Mr. Willis remarks, is exactly the case in the 
Human voice, most singers being unable to pronounce u and o upon their 
highest notes. 

695. The most natural primary division of the Consonants, is into those 
which require a total stoppage of the breath at the moment previous to 
their being pronounced, and which, therefore, cannot be prolonged ; and 
those in pronouncing which the interruption is partial, and which can, like 
the vowel-sounds, be prolonged ad libitum. The former have received 
the designation of explosive ; and the latter of continuous. — In pronouncing 
the explosive consonants, the posterior nares are completely closed, so 
that the exit of air through the nose is altogether prevented ; and the 
current may be checked in the mouth in three ways, — by the approxima- 
tion of the lips, — by the approximation of the point of the tongue to the 
front of the palate, — and by the approximation of the middle of the tongue 
to the arch of the palate. In the first of these modes, wo pronounce the 
letters h and p ; in the second d and t ; in the third, the hard g and k. 
The difference between 5, d, and on the one hand, andp, and k* on 
the other, seems to depend on this; — that in the former group the 
approximating surfaces are larger, and the breath is sent through them 
more strongly at the moment of opening, than in the latter. The con-- 
tinuous consonants may be again subdivided, according to the degree of 
freedom with which the air is allowed to make its exit, and the compres- 
sion which it consequently experiences, i. The first class includes those 
in which no passage of air takes-place through the nose, and in which the 
parts of the mouth that produce the sound are nearly approximated 
together, so that the compression is considerable. This is the case with 
V and /, which are produced by approximating the upper incisors to the 
lower lip, and which stand in nearly the same relation to each other as 
that which exists between d and tj or b and p. The sibilant sounds, z 
and Sf also stand in a similar relation to each other; they are produced 
by the passage of air between the point of the tongue and the front of the 
palate, the teeth being at the same time nearly closed. The simple sound 
sh is formed, by narrowing the channel between the dorsum of the tongue 
* For the sake of proper comparison, this letter should be sounded not as hay but 
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and the palate; the former being elevated towards the latter through a 
considerable part of its length. If, in sounding s, we raise the point of 
the tongue a very little, so as to touch the palate, the sound of t is 
evolved ; and in the same manner d is produced from z» This class also 
includes the th ; which, being a perfectly-simple sound, ought to be ex- 
pressed by a single letter, as in Greek, instead of by two, whose com- 
bination does not really produce anything like it. For producing this 
sound, the point of the tongue is applied to the back of the incisors, or 
to the front of the palate, as in sounding t but whilst there is complete 
contact of the tip, the air is allowed to pass-out around it. — ii. In the 
second class of continuous consonants, including the letters w, Z, and r, 
the nostrils are not closed ; and the air thus undergoes very little com- 
pression, even though the passage of air through the oral cavity is almost 
or completely checked. In pronouncing m and w, the breath passes 
through the nose alone : and the difference of the sound of these two 
letters must be due to the variation in the form of the cavity of the 
mouth, which acts by resonance. The letter w is a labial, like h ; but in 
the former the nasal passage is open, the mouth remaining closed, whilst 
in tlie latter the nose is entirely closed, and the sound is formed at the 
moment of opening the mouth ; hence the passage from m to h is made 
with great facility. The same correspondence exists between n and or n 
and g (the particular part of the tongue approximated to the palate not 
being of much consequence in the pronimciation of n ) ; and hence it is that 
the transition from n to t, or from n to g, is so easy that the combinations 
nt and ng are found abimdantly in most languages. The sound of I is 
produced by bringing the tip of the tongue into contact with the palate, 
and allowing the air to escape around it, at the same time that a vocal 
tone is generated in the larynx ; it differs therefore from th in the posi- 
tion at which the obstruction is interposed, as well as in the slight degree 
of compression of the air which it involves. The soiuid of the letter r 
depends on an absolute vibration of the point of the tongue, in a narrow 
current of air forced between the tongue itself and the palate. — iii. The 
sounds of the third class are scarcely to be termed consonants, since they 
are merely aspirations caused by an increased force of breath. These are 
A, and the gutteral c1v\ of most foreign languages (the Greek ^). The 
first is a simple aspiration ; the second an aspiration modified by the ele- 
vation of the tongue, causing a slight obstruction to the passage of air, 
and an increased resonance in the back of the mouth. This sound would 
become either g or if the tongue, whilst it is being produced, were 
carried-up to touch the palate, f 

696. These distinctions come to be of much importance, when we 
apply ourselves to the treatment of defects of articulation. Great as is 
the number of muscles employed in the production of definite vocal 
sounds, the number is much greater for those of articulate language ; and 
the varieties of combination which we are continually forming uncon- 

* Hence it is easy to understand the substitution of t or d, for the English th, by 
foreigners. 

r The English ch is merely a combination of t with sh ; thus chime might be spelt 
Uihime, 

t The general classification proposed by Dr. Marshall Hall has been here adopted, with 
some modification as to the details. 
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Bciously to ourselves, would not be suspected without a minute analysis 
of the separate actions. Thus, when we utter the explosive sounds, we 
check the passage of air through the posterior nares in the very act of 
articulating the letter ; and yet this important movement commonly 
passes unobserved. — We must regard the power of forming the several 
articulate sounds which have been adverted-to, and their simple com- 
binations, as so far resulting from intuition, that it can in general be more 
readily acquired by early practice than other actions of the same com- 
plexity : but we find that among different Kaces of Men, there exist ten- 
dencies to the jiroduction of difierent sounds, which, though doubtless 
influenced in great degree by early habit (since we find that children, 
when first learning to speak, form their habits of vocalization in great 
degree in accordance with the examples amidst which they are placed), 
are certainly also dependent in part uj)on congenital constitution ; as we 
often see in the case of children among ourselves, who grow-up with 
certain peculiarities of pronunciation, not thus derived from imitation, of 
which they do not seem able to divest themselves. 

697. It is in the want of power to combine the different muscular 
actions concerned in vocalization, that the defect termed Stammering 
essentially consists. Many theories regarding the nature of this impedi- 
ment have been proposed ; and there can be little doubt that it may be 
attributed to a great variety of exciting causes. A disordered action of 
the nervous centres must, however, be regarded as the proximate cause ; 
though this may be (to use the language of Dr. M. Hall) either of centric 
or ol’ excentric origin, — that is, it may result from a morbid condition of 
the ganglionic centre, or from an abnormal impression conveyed through 
its aflerent nerves. Wlien of centric origin (and this is probably the 
most general case), the phenomena of Stammering and Chorea have a 
close analogy to each other ; in fact, stammering is frequently one of 
the modes in which the disordered condition of the nervous system in 
Chorea manifests itself. — It is in the pronunciation of the Consonants of 
the explosive class, that the stammerer experiences the greatest difficulty. 
The total interruption to the breath which they occasion, frequently 
becomes quite spasmodic ;* and the whole frame is thrown into the most 
distressing semi -convulsive movement, until relieved by expiration. In 
the pronunciation of the continuous Consonants of the first class, the 
stammerer usually prolongs them by a spasmodic continuance of the same 
action ; and there is, in consequence, an impeded, but not a suspended 
respiration. The same is the case with the I and r in the second class. 
In pronouncing the m and w, on the other hand, as well as the aspirates 
and vowels, it is sometimes observed that the stammerer prolongs the 
sound by a full and exhausting expiration. In aU these cases, then, it 
seems as if* the muscular sense resulting from each particular combination 
of actions, became the stimulus to the involuntary prolongation of that 
state. It is possible tbat the defect may result, in some instances, from 
malformation of the parts about the fauces, producing an abnormal 
stimulus of this kind in some particular positions of the organ; and such 
cases 7 nay he really benefited by an operation for the removal of these 

* By Dr. Amott this interruption is represented as taking place in the larynx ; that 
such is not usually the case, the Author believes that a Uttle attention to the ordinary 
phenomena of voice will satisfactorily prove. 
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parts. But the effect of such an operation is certainly exerted in most 
cases through the mind of the patient ; the expectation of benefit from it 
tending to improve his command over the muscles of vocalization, which 
Emotional excitement always impairs ; and the improvement is usually 
proportional to the confidence which he has been led to feel in the result. 
The slightest disturbance of the feelings is sufficient in most Stammerers 
to induce a complete perturbation of the vocal powers ; the very fear that 
stammering will occur, particularly under circumstances which render it 
peculiarly annoying, is often sufficient to bring it on in a predisposed 
subject ; and the tendency to consensual imitation sometimes occa^ons 
stammering, in individuals (especially children) who never show the 
slightest tendency to it except when they witness the difficulty in others. 

698. The method proposed by Dr. Amott for the prevention of Stam- 
mering, consists in the connection of all the words by a vocal intonation, 
in such a manner that there shall never be an entire stoppage of the 
breath. It is justly remarked by MUller, however, that although this 
plan may afford some benefit, it cannot do everything ; since the main 
impediment occurs in the middle of words themselves. One important 
remedial means, on which too much stress cannot be laid, is to study care- 
fully the mechanism of the articulation of the difficult letters, and to 
practise their pronunciation repeatedly, slowly, and analytically. The 
patient would at first do well to practise sentences from which the explo- 
sive consonants are omitted ; his chief difficulty, arising from the 
spasmodic suspension of the expiratory movement, being thus avoided. 
Having mastered these, he may pass-on to others, in which the difficult 
letters are sparingly introduced ; and may finally accustom himself to 
the use of ordinary language. One of the chief points to be aimed-at, is 
to make the patient feel that he has command over his muscles of 
articulation; and this is best done, by gradually leading him from 
that which he finds he can do, to that which he fears he cannot. The 
fact that stammering people are able to sing their words better than to 
speak them, has been usually explained on the supposition that, in singing, 
the glottis is kept open, so that there is less liability to spasmodic action ; 
if, however, as here maintained, the spasmodic action is not in the larynx, 
but in the velum palati and the muscles of articulation, the difference 
must be due to the direction of the attention rather to the muscles of the 
larynx than to those of the mouth. — One of the most important objects 
to be aimed-at in the treatment of stammering, consists in the prevention 
of all Emotional disturbance in connection with the act of Speech ; and 
this requires the exercise of the Voluntary power over the direction of 
the thoughts, in the following modes : — 1. To reduce mental emotion, by 
a daily, hourly, habit of abstracting the mind from the subject of stam- 
mering, both while speaking, and at other times. 2. To avoid exciting 
mental emotion by attempting unnecessarily to read or speak, when the 
individual is conscious that he shall not be able to perform these actions 
without great distress, 3. To elude mental emotion, by taking advantage 
of any little artifice to escape from stammering, so long as the artifice 
continues to be a successful one. — Much may frequently be done, also, by 
constitutional treatment, adapted to improve the general vigour of the 
nervous system.* 

* See on the subject of ^Stammering and its Treatment, a useful pamphlet under 



INFLUENCE OF THE NERVOUS SYSTEM ON ORGANIC FUNCTIONS. 729 


CHAPTER XV. 

OF THE INFLUENCE OF THE NERVOUS SYSTEM ON THE 
ORGANIC FUNCTIONS. 

699. Of the modes in which the Nervous System influences the Organic 
Functions, a gi-eat part have been already considered ; for it has been 
shown to be concerned in providing the mechanical conditions, either 
immediate or remote, under which alone these functions can be per- 
formed ; so that, when its activity ceases, they cannot be much longer 
maintained. But the influence of the Nervous System is not alone 
exerted upon the motor or contractile tissues of the body ; for there is 
good evidence that it has a direct operation upon the molecular changes 
which constitute the functions of Nutrition, Secretion, &c. ; and this view 
may be admitted to its fullest extent, without our being thereby led to 
regard the processes in question as dependent upon Nervous agency, — a 
doctrine for which there seems no valid foundation. Throughout the 
Animal body, it may be observed that, the more Vegetative the nature of 
any function, the less is it under the influence of the Nervous System, 
save where that influence is required to bring it into harmony with other 
functions, sometimes by exciting, sometimes by checking, and some- 
times by otherwise modifying them, very much in the way that a 
rider guides and controls the movements of his horse. — It is evident that 
this influence must be principally exerted through the Sympathetic or 
Visceral system of nerves, since a large proportion of the organs on which 
it operates are su 2 )plied by no other : and hence this apparatus has been 
commonly designated the ‘ Nervous system of organic life,’ as distinguish- 
ing it from the Cerebro-spinal system, which is the ‘ Nervous system of 
animal life.’ There is, however, no such parallelism between them as 
this designation would imply ; for whilst the operations of the Cerebro- 
spinal system essentially constitute the Animal life of the individual, 
those of the Sympathetic cannot be fairly said to do more than control 
and direct those of Nutrition and Secretion. — We shall now inquire 
into the structure and relations of the Sympathetic System ; and shall 
then examine the nature of the actions which there seems reason to 
attribute to it. 

700. Sympathetic Nervous System. — That collection of scattered but 
mutually-connected ganglia and nerves, of which this apparatus is made 
up, may be ranged under the following groups : — 1. The isolated ganglia 
and nerves in immediate connection with the Viscera, which seem to be 
the chief centres of the system ; these form three principal plexuses, the 
Cardiac^ the Solar, and the Hypogastric. 2. The double chain of Pre^ 
vertebral ganglia, with connecting cords, which lies in front of the Ver_, 
tebral column, and which communicates on the one hand with the Spina j 

this title, by Race. Med. Oxon., 1850 ; and Mr. Bishop’s treatise “ On 
and on the Causes and Cure of Impediments of Speech.” 
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nerves, and on the other with the before-named plexuses. Under this 
bead we shoTild probably rank the minute Cranial ganglia, which are 
situated in the neighbourhood of the Organs of Sense, and in immediate 
connection with the branches of the Fifth pair that proceed to them ; 
these are the ophthalmic^ oiic^ spheno-palatine^ and suhmaxillary ganglia. 
3. The ganglia on the posterior roots of the Spinal nerves ; under which 
head we are probably to rank not only the Gasserian ganglion of the 
Fifth pair, but also the ganglia near the roots of the Pneumogastric and 
Glosso-pharyngeal nerves. — The trunks of the Sympathetic are made-up 
of different orders of fibres ; some of these having their central termina- 
tion in the vesicular matter of the Sympathetic ganglia themselves, whilst 
others are derived from the Cerebro-spinal system. The former, which 
are all of the ' gelatinous’ kind,* are most abundant in the great Visceral 
plexuses ; but they may be traced from the prevertebral ganglia into the 
Spinal nerves, part of them proceeding to the ganglia on their posterior 
roots (whence fibres are given-off that mingle with their spinal fibres), 
whilst another part enter the anterior roots and mingle with their fibres. 
On the other hand, the latter, which are of the ‘ tubular’ kind, are derived 
by the same cords of communication (these being commonly termed the 
* roots’ of the Sympathetic, but being really commissural bands that bring 
the two systems into connection) from both roots of the Spinal nerves, 
and pass through the prevertebral ganglia into the Sympathetic system, 
without undergoing any ostensible change. Thus it appears that the 
Cerebro-spinal and Sympathetic systems interpenetr'ate one another ; each 
having its own series of ganglionic centres, and of trunks connected with 
them ; but each system transmitting its fibres into the trunks of the 
other, so as to be peripherally distributed with their ramifications. 

701. The distribution of the principal trunks and branches of the 
Sympathetic system may be concisely stated as follows : — 1. Those of 
the Cardiac plexus proceed chiefly to the Heart and great blood-vessels, 
whence they are continued, with reinforcements derived-from other sub- 
divisions, and with multitudes of minute ganglia in their course, along 
the ramifications of the Vascular system throughout the body, embracing 
them as ivy embraces the trunk and branches of a tree. Those of the 
Solar plexus are transmitted in part to the muscular walls of the Ali- 
mentary canal, from the stomach to the lower end of the colon ; in part 
to the principal arterial branches given-off from the aorta, and with them 
to the liver, pancreas, sj)leen, and kidneys, as also to the testes of the 
male and the ovaries of the female. Those of the Hypogastric plexus 
supply the muscular walls of the pelvic viscera, the bladder, urethra, 
vagina of the female, and rectum ; besides sending branches to the blood- 
vessels themselves. — 2. The branches of the Prevertebral ganglia of the 
tnmk for the most part contribute to form the plexuses just described. 
Those of the neck, however, furnish a large supply to the carotid artery, 
round which they form a plexus, and also give-off branches which 
inosculate with those of the Pneumogastric to form the pharyngeal and 
laryngeal plexuses ; and those of the upper part of the thorax give-off 
branches which inosculate with those of the Pneumogastric to form the 

* It mast be carefully borne in mind, that, although the proper Sympathetic fibres 
i|®l*tinous,’ yet that the Cerebro-Spinal system contains ‘gelatinous’ fibres of 
its own, Mich are very abundant in some parts. 
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pulmonary plexus. Of the ophthalmic ganglion (§ 477), the branches are 
distributed, not merely to the iris, whose radiating fibres are made to 
contract through their instrumentality, as already explained (§ 608) ; but 
also to the vascular apparatus of the eyeball, and especially to the ciliary 
processes, which seem to possess a sort of erectile character. The otic 
ganglion, which communicates with the third division of the Fifth pair 
and with the Glosso-pharyngeal, may be considered, from the distribution 
of most of its branches to the tensor tympani and circumflexus palati 
muscles, as ministering to the exercise of the sense of Hearing, in some- 
what the same mode that the ophthalmic ganglion seems to do to that of 
vision (§ 632). The spheno-palatim goiLglion (Fig. 129,/), whose con- 
nections are with the Fifth and the Facial nerves, seems in like manner 
to minister, by the distribution of its branches on the mucous membrane 
of the nasal cavity and the palate, to the senses of Smell and Taste. Of 
the suhmaxillary ganglion, which also is chiefly connected with the Fifth 
and the Facial nerves, the branches proceed almost entirely to the Sub- 
maxillary gland. — 3. The fibres which arise from the ganglia on the pos- 
terior roots of the Spinal nerves (if really belonging to the Sympathetic 
system) must be distributed along with the branches proceeding from the 
trunks which they help to form ; as must also a part of those fibres which 
are sent frpm the proper Sympathetic ganglia into the roots of the same 
nerves, a large part of them, however, being distributed upon the blood- 
vessels of the Spinal Cord itself. 

702, If, then, it be inquired what inferences we are entitled to draw 
respecting the functions of the Sympathetic system of nerves, from out 
knowledge of its Anatomical distribution, we are at once justified in 
replying, that a large proportion of the Muscular apparatus which directly 
ministers to the Organic functions, — that, namely, which surrounds the 
alimentary canal from the stomach downwards, with the gland-ducts which 
open into it, — that, also, which forms the walls of the bladder and uterus, 
of the ureters and Fallopian tubes, — and that, too, which governs the 
diameter of the blood-vessels, — receives no other nervous supply; and, con- 
sequently, that whatever motor influence these parts may receive from 
Mental states or from excitation not applied to themselves, this system 
of nerves must be the channel. The same may be said, too, in regard 
to that greater portion of the Glandular apparatus, which is exclusively 
supplied by the Sympathetic nerve, and chiefly by the plexuses that 
embrace its blood-vessels ; since any such alterations in its rate of activity, 
or in the character of its products, as depend upon conditions of Mind, 
can be brought-about through no other instrumentality. — It is not a 
little remarkable, however, that those portions of the Muscular apparatus 
of Organic life, which most obviously exhibit in their action the influence 
of the Nervous system, both in their respondence to emotional states and 
in their ‘sympathy’ with disturbance in other functions, — namely, the 
Heart and the Stomach, — derive a considerable part of their nervous 
supply directly from the Cerebro-spinal system. And it is stiU more 
significant, that most of those Glands whose function is occasional, and 
whose states of activity are most obviously influenced by affections of the 
Mind, are specially supplied by Cerebro-spinal nerves, in addition to the 
Sympathetic plexuses which they receive on the walls of their blood- 
vessels: thus, the Lachrymal and Salivary glands are supplied with 
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branches of the Fifth and Facial nerves ; and the Mammary glands by 
branches of the Intercostals. It cannot but be deemed highly probable, 
then, from this circumstance alone, that the influence of mental states 
upon the function of Secretion may be exerted through the nerves of the 
Cerebro-spinal ^stem, as well as through those of the Sympathetic. 

703. It must be in virtue of the connections of the Sympathetic with 
the Cerebro- spinal system, that the parts which are solely supplied with 
nerves from the former, are capable of transmitting sensory impressions 
to the Sensorium. It is true that, under ordinary circumstances, these 
parts are insensible ; that is, impressions made upon them do not travel 
onwards through the Spinal Cord to the Encephalon : but their sensibility 
is acutely manifested in morbid states, in which the impressions seem to 
be propagated further than usual, in virtue of their greater potency. That 
it is the office of the ganglia on the roots of the Spinal nerves to “ cut-off 
sensation,” that is, to prevent the further transmission of sensory impres- 
sions, is an old doctrine ; and there seems much reason to believe that 
this may be effected by the free communication between one fibre and 
another, which is established through the vesicular substance of a ganglion, 
so that the whole force of ordinary impressions on the nerve-fibres is lost 
in diffusion among the rest of their contents. The same principle seems 
to apply to the motor fibres ; for there are cases which show that when 
fibres obviously belonging to Cerebro-spinal nerves pass through Sympa- 
thetic ganglia, they do not so rapidly or so surely transmit motor impulses, 
as when they have no such relation to ganglia.* 

704. Although it is not easy to obtain definite evidence of the influ- 
ence of the Sympathetic system on Muscular Contraction^ since this 
influence is extinguished within a short time after death, yet it has been 
established by the elaborate researches of Prof. Valentin and othersf 
(§§ 74, 216, 227), that contractions of the various muscular parts supplied 
by the three great Visceral plexuses may be excited by irritation applied 
to their nerves and ganglia. But Prof. V. has further shown, that the 
same effects may be produced by irritating either the Prevertebral ganglia, 
or the cords of communication with the Spinal nerves which have been 
sometimes called the ‘ roots’ of the Sympathetic, or the roots of the Spinal 
nerves themselves. It results from his inquiries, that, although any par- 
ticular division of the Sympathetic nerve must be regarded as extremely 
complex in its relations, deriving its motor fibres from many different 
sources, the ultimate distribution of these fibres is sufficiently simple, so 
that each organ is definitely supplied from a certain part of the Cerebro- 
spinal axis. But the fibres proceeding from the roots of the Cerebro- 
spinal nerves do not pass into the nearest organs, being transmitted 
through three or more of the prevertebral ganglia of the Sympathetic, 
before reaching their ultimate destination ; thus the motor fibres of the 
cardiac plexus are principally derived from the cervical portion of the 
Spinal Cord, those of the solar plexus from the thoracic region, and those 
of the hypogastric plexus from the dorsal region. So, again, we have 
seen that the dilatation of the Pupil, which immediately depends on the 

* See Messrs. Kirkes and Pagef a “ Handbook of Physiology,” p. 420. 

tAs by Ludwig, see “ Sitzungsber. d. Wien. Akad.,” 1857 ; Biffi, see Meissner’s 
^^Jahresbericht,” 1868 ; Budge, ‘‘Untersuchungen Uber das Nerven System,” band i. j 
Schiff, “Comptes Eendus,” 1860 and 1862 ; 0. Bernard, “Comptes Rendus/’ 1862. 
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instrumentality of the Sympathetic nerve, is called-forth also by irritation 
of the roots of the Spinal nerves in the cervical region (§ 639). 

705. The effects of section and of galvanization of the cut extremities 
of the Sympathetic nerve in the neck, have been carefully investigated 
by Bernard, Waller, Brown- S^quard* and others. On dividing the nerve, 
the blood-vessels of that side of the head dilate, and with the freer cur- 
rent of blood which is there established through the capillaries, an increase 
of the vital properties of all the tissues on the same side of the head is 
associated. Thus the sensibility of the retina for light appears to be 
augmented, whence follow contraction of the pupil, retraction of the globe 
of the eye, partial closure of the eyelid, and projection of the memhrana 
nictitans (where present) with increased flow of tears. The temperature 
and sensibility of the skin, and the cutaneous secretions, are also 
much increased, — the temperature in some of Dr. Waller’s experi- 
mentsf rising as much as 18° Fahr., and the skin in some of M. 
Bernard’s being bathed with perspiration. The colour of the venous blood 
assumes a brighter hue, and its coagulation is more rapid. The muscles 
respond more readily to weak, and more energetically to strong stimuli, 
and retain their irritability longer ; rigor mortis consequently setting in 
more slowly and enduring for a longer period ; whilst it further appears 
from Snellen’s researches J that even the inflammatory and reparative pro- 
cesses, as the effusion of serum, the formation of pus, the absorption of 
effused blood, and the cicatrization of wounds, take place with very much 
greater energy and rapidity. On the contrary, when the upper cut extre- 
mity of the nerve is galvanized, all these phenomena are reversed ; for 
now, as a consequence of the contraction of the blood-vessels and the 
diminished supply of blood which ensues, the vital properties of the 
tissues are diminished, the pupil dilates, the eyelid is widely opened, 
the temperature and sensibility of the parts decrease, the contractile power 
of the muscles is less strongly marked, their normal galvanic current is 
feeble, and cadaveric rigidity sets-in quickly and soon passes off, putre- 
faction immediately supervening. The effects produced by section of 
the Sympathetic in the neck are much more strongly marked when the 
cervical ganglia are destroyed, and Bernard § states that closely similar 
results follow section of the Sympathetic nerves distributed to the vessels 
of the extremities. In these later experiments he found that division of 
the roots of the spinal nerves within the spinal canal, though abolishing 
sensation and motion in the limb beyond, yet produced no effect upon its 
temperature ; whilst if after such section the sciatic or brachial nerves 
were divided, an immediate exaltation of temperature ensued ; clearly 
showing that the nerve-fibres devoted to the conduction of sensory and 
motor impulses issuing from the spinal cord had been joined by a third 
set of fibres, either proceeding directly from the sympathetic ganglia, or 
through and beyond these from some part of the cerebro-spinal system, 
the office of which is to preside over the contraction of the vessels and 
calorification. A further corroboration of this view was obtained by expe- 
riments in which the lumbar ganglia of the Sympathetic were destroyed, 

* See “Lectures on the Centi-al Nervous System,” 1860, lectures ix. and x. 

t “ Comptes Rendus,” 1863. t Henle and Meissner’s ‘‘Bericht,” 1867, p. 373. 

§ See “Gazette Hebdomad.,” AoOt, 1862 ; “Comptes Rendus,” vol. ii. 1862 ; and 
“Journal de la Physiologie,” vol. v. 
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when tihe vascular changes and the increase of temperature in the lower 
limb were observed without the occurrence of any paralysis. Dr. Waller* 
has shown that some of the results of irritation of the cervical portion of 
the sympathetic may be made apparent during life by pressure of the 
point of the finger behind the ramus of the jaw, though they are associated 
with other phenomena proceeding from irritation of the pneumogastric. 
The more important symptoms observed were dyspnoea, cardiac and 
gastric disturbance, tingling and heat of the ear, lasting for upwards of 
half an hour, and in one instance dilatation followed by contraction of 
the pupil. Dr. Waller f has also ingeniously shown the e&cts of paralysis 
of the vasomotor nerves of the arm in the living body, by applying a 
freezing mixture to the ulnar nerve at the elbow ; the effect in the first 
instance being to produce a fall of temperature equal to about 0*5° C. in 
the two inner fingers ; but as the vasomotor nerves became paralysed, the 
temperature gradually rose till it attained a height of from 5° to G° C. 
above that of the outer fingers : the difference between the outer and inner 
fingers appeared to be partially attributable to a decrease in the tempera- 
ture of the former as well as to an increase in that of the latter, owing to 
the diversion of part of the blood of the radial into the ulnar artery. 

706. It is a point of great difficulty to determine whether the dilatation 
of the vessels of any part which follows paralysis or section of the Sympa- 
thetic nerves is simply passive ; or whether some agency works here, as in 
the so-called inhibitory influence of the pneumogastric nerves upon the 
heart, and of the splanchnic nerves upon the small intestine, to produce 
relaxation of the muscular fibres, and a consequent active dilatation of the 
vessels, M. Bernard, who supports the latter opinion, refers to the expe- 
riments already alluded-to on the salivary glands and their nerves (§ 80), 
as showing that, besides the influence conducted by the sympathetic cords 
and inducing contraction of the muscular walls of’ the vessels distributed 
to those glands, an active dilating power proceeding from cerebro-spinal 
centres is exerted upon them, inducing an instantaneous increase in the flow 
of blood through the vessels ; and Schiff observes that if the skin of the ear 
of a rabbit be lightly tickled, a local dilatation immediately follows in the 
arterial trunks supplying that part, which will take place even if the 
superior cervical symj)athetic ganglion have been previously excised, or the 
cord of the sympathetic divided in the neck ; though it ceases to occur, 
unless the stimulus applied be much stronger, when the cerebro-spinal 
nerves distributed to the auricle are divided. Schiff, however, whilst 
agreeing with Bernard as to the occurrence of an active dilating influence 
being exerted upon the muscular coats of the vessels, maintains, in oppo- 
sition to the results of the experiments above related (§ 705), that all the 
vasomotor nerves of the trunk and extremities originate in the Medulla 
Oblongata, and, descending through the spinal cord, issue with the anterior 
roots of the spinal nerves ; for he has observed a marked elevation of 
temperature in the foot and lower part of the leg of animals in which he 
had divided the anterior roots of the sacral nerves, and in the temperature 
of the upper part of the leg after section of the anterior roots of the three 
or four lower dorsal nerves. In the face of these discrepant results, 
obtained by able experimenters, it is obvious that no general conclusions 


♦ ** Proceedings of the Royal Society,” vol. xi. p. 802. 


t Ibid. p. 436. 
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can be drawn as yet respecting the real origin of the ^mpathetic vaso- 
motor fibres. 

707. It can only be through the Nervous System that the Muscular 
apparatus of Organic life is acted-upon by states of Mind. Although no 
exertion of the Wi7/ can produce any effect upon any part of it, yet there 
are various organs whose muscular walls are influenced on the one hand 
by Emotional states, and on the other by the state of Expectant Attention. 
The Heart sympathizes so much with the emotions, that the language of 
almost all civilized nations refers to it as the seat of the ‘feelings’ (§216); 
but we have as yet no certain evidence whether this influence is trans- 
mitted through the Sympathetic or through the Pneumogastric nerve. 
The former seems the more probable channel, when we bear in mind 
that it can bo through the Sympathetic alone that those alterations in the 
diameter of the blood-vessels take-place which give-rise to the dlush of 
modesty or shame, or to the pallor which alternates with this in many 
states of mental agitation.* So, again, the influence of Emotional states 
is strikingly manifested in the production of the peculiar turgescence of 
the Erectile tissues (§ 255) ; and here we have a striking example of the 
utter powerlessness of the Will, in the well-known fact, that no amount 
of sexual desire will produce erection, if the mind be possessed with any 
feeling of doubt or apprehension as to the existence of the sexual ahility. 
The muscular walls of the Alimentary canal seem frequently to be 
excited to increased action by agitating emotions ; but it may be doubted 
how far this is a primary effect of the mental state, or how far it is con- 
sequent upon the influence of that state upon the Secretions poured into 
the canal (§ 710). — The influence of the state of expectant attention^ as 
of the emotions, is strongly manifested in the case of the Heart ; the 
action of which, as Sir H. Holland has remarked, “ is often quickened 
or otherwise disturbed by the mere centering the consciousness upon it, 
without any emotion or anxiety. On occasions where its beats are 
audible, observation will give proof of this, or the physician can very 
often infer it while feeling the pulse ; and where there is liability to 
irregular pulsation, such action is seemingly brought-on, or increased, 
by the effort of attention, even though no obvious emotion be present.”')* 
There can be no doubt that the movements of the lower part of the 
Alimentary Canal are capable of being affected in a similar manner ; 
since we may frequently trace the rapid descent of the fascal mass into 
the rectum, when we expect to be shortly able to discharge it ; and it is in 
great part in this mode, that habit operates in producing a readiness for 
defecation at particular times, and that bread-pills and other supposititious 
purgatives unload the bowels.” J 

* The pallor of extreme fear or terror is probably due rather to a state tending to 
Syncope, arising from a partial failure of the Heart’s action. 

t “Chapters on Mental Physiology,” p. 16. 

i The Author may mention the two following cases, which hare fallen within his own 
knowledge, as curious illustrations of the influence of mental states upon the movements 
of the alimentary canal. — The first of these occurred in the person of a literary man, of a 
somewhat hypochondriacal temperament, who had been troubled with continued costive- 
ness, for which he had been accustomed to take an aperient pill daUy. Finding that 
this ceased to have its usual effect, and being fearful of increasing his regular dose, he 
applied for advice to a practitioner, who, having had former experience of what Mental 
agency alone would do, determined to try its effect in this instance. Seating his patient 
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708« Evidence derived from various sources lias been collected by 
M. Brown- S^quard, tending to show that reflex actions may take place 
not only through the Cerebro-spinal nerves, but also through the cords 
and ganglia of the Sympathetic ^stem; and he has adduced many 
instances of irritation applied to parts supplied by these nerves being 
propagated to great distances, and ultimately exerting an influence either 
on striated or nonstriated muscular tissue^ producing spasmodic or 
persistent contraction, or atrophy; or upon nervous tissue, producing 
paralysis, anaesthesia, or hyperaesthesia ; or upon glandular structures, 
causing increased or altered secretion ; or, lastly, upon the substance of 
the tissue itself, effecting a modification in the nutritive functions, as 
indicated by alterations in its structure and changes in its temperature 
and vital properties. The effects of irritation of the peripheral branches 
of the Sympathetic nerves upon the voluntary muscles are often witnessed 
in the Strabismus and epileptiform seizures, which are frequently occa- 
sioned by the presence of worms in the intestinal canal ; whilst the influ- 
ence exerted upon the unstriped form of muscular tissue may be seen in 
the irregular contractions of the intestines, accompanied by colic and 
diarrhoea, which are produced by the passage of unwholesome substances 
through the digestive tract. The influence of such irritation in pro- 
ducing reflex paralysis, or some other symptom indicative of disorder of 
the nervous system, may be proved by reference to many recorded 
cases of paraplegia induced by disease of the bladder, prostate, or 
kidney, and to a similar effect produced in children by irritation 
of the dental nerves or of the bowels. Examples of the reflex action 
of the nervous system upon glands through fibres belonging to the 
Cerebrospinal system have been already mentioned in the description 
of the hepatic (§ 381), salivary (§ 80), and lachrymal (§ 710) glands; and 
there are various instances on record of a similar effect being produced 
through the agency of the Sympathetic system, as in the case of division 
of the oesophagus, described by Dr. Gairdner, in which a quantity of 
saliva, amounting to from four to six ounces, was secreted, during the 
injection of a meal of broth into the stomach; and in the instance observed 
byM. Brown-S^quard of the secretion of gastric juice following injections 
of warm water into the rectum of a dog in which a gastric fistula had 
been formed. Various examples of disturbance of vasomotor nerves, 
apparently of a similarly-reflex character, supervening in the course of 

before him, with the abdomen uncovered, he desired him to fix his attention intently 
upon his aUlominal sensations, and assured him that in a short time he was quite certain 
that he would begin to feel a movement in his bowels, which would end in a copious 
evacuation. He himself did nothing but look steadily at his patient, with an air of 
great determination and confidence, and point his finger at the abdomen, moving it along 
the arch of the colon, and (as it were) in the course of the convolutions of the small in- 
testines, so as to aid the patient in fixing his attention upon them. In a short time the 
expected movements were felt, and a copious evacuation soon followed ; and for some 
time afterwards, the bowels continued to act freely without medicine. — In the other case, 
a Lecturer at a public Institution was seized with a strong impulse to defecation during 
his lecture ; and was greatly inconvenienced by the effort necessary to restrain it. 
Before every subsequent lecture in the same place, the same impulse returned upon him, 
notwithstanding that he might have previously unloaded his bowels elsewhere. In this 
case, there was obviously a state of apprehension combined with the simple anticipation ; 
but the influence of the latter is shown by the fact, that in no other place did this indi- 
vidual experience the impulse in question under the like circumstances. 
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chronic diseases, have been collected by M. Leudet;* who especially 
refers to changes in the sensibility, motion, and temperature of different 
parts of the body,| as for instance, flying muscular pains, formication, 
numbness, “ dying out” of one or more fingers, and paralysis occurring in 
phthisis, scurvy, and Saturnine poisoning. 

709. The influence of the Nervous System upon those formative pro- 
cesses which constitute the function of Nutrition, is less evident than it is 
upon the Secretory operations ; and the nature of this influence is rather 
to be inferred from the results of its withdrawal, than to be demonstrated 
in any more direct manner. These results are chiefly to be seen in the 
altered nutrition of parts exposed to external impressions, as the integu- 
ments generally, but particularly those of the extremities ; and they may 
be generally expressed by the statement, that the withdrawal of nervous 
influence from a part renders it less able to withstand the destructive 
influence of physical agencies. It has been clearly shown, however, by 
the careful experiments of M. Brown-S6qiiard, that a great part of the 
injurious effects which may be observed to follow injuries of the nerves 
of the extremities, experimentally inflicted, are traceable to want of power 
on the part of the animal (consequent upon the paralyzed state of the 
limbs) to withdraw them from irritating impressions; and must not be 
attributed to any deterioration of the formative operations, directly 
resulting from the withdrawal of nervous agency. The following case, 
however, which is given by Mr. Pagetf on the authority of Mr. Hilton, 
seems more unequivocally to establish this connection : — “ A man was at 
Guy’s Hospital, several years ago, who, in consequence of a fracture at 
the lower end of the radius, repaired by an excessive quantity of new 
bone, suffered compression of the median nerve. He had ulceration of 
the thumb, and of the fore and middle fingers, which had resisted various 
treatment, and was cured only by so binding the wrist, that the parts on the 
palmar aspect being relaxed, the pressure on the nerve was removed. So 
long as this was done, the ulcers became and remained well ; but as soon as 
the man was allowed to use his hand, the pressure on the nerves was removed, 
and the ulceration in the parts supplied by it returned.” Mr. Paget§ also 
mentions the following curious case : — A lady who is subject to attacks of 
what are called nervous headaches, always finds next morning that some 
patches of her hair are white, as if powdered with starch. The change is 
effected in a night ; and in a few days after, the hairs gradually regain 
their dark brownish colour.” — That such effects are rather to be attributed 
to the loss or perversion of the influence of the Sympathetic system, than 
to that of the Cerebro-spinal, would appear from the fact noticed by 
Magendie and Longet, that destructive inflammation of the eye ensues 
more quickly after division of the Fifth jmir in front of the Gasserian 
ganglion, than when the division is made through the roots of the nerve, 
between that ganglion and the brain ; the Sympathetic filaments which 
exist largely in this nerve, being interrupted in their course to the tissues 
in the former case, but not in the latter. So Dr. Axmann found, that 
when the Spinal nerves of Frogs were divided in front of their Prever- 
tebral ganglia, the nutrition of the parts supplied by them was much 

* “Archives (I6n6rales de M6decine,” 1864, vol. i. p. 150. 

t See also Walshe, “ Treatise on Diseases of the Lungs/’ 1860, p. 458. 

X “Lectures on Surgical Pathology,” vol. i. p. 43. § Op. cit. p. 46. 

3 B 
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more’ injuriously affected, than it was when the section was made between 
these ganglia and the Spinal Cord. And this inference is further sup- 
ported by the general result of observation, that atrophy of parts supplied 
by the Spinal nerves is much greater when the sensory (gangliated) as well 
as the motor roots are involved, than when the latter alone are paralyzed.* * * § — 
In considering these and similar cases, however, caution is requisite to avoid 
confounding the effects of irritation producing reflex action of an abnormal 
character, with those of absence of action of the nervous system in any part, 
owing to disease or injury of the nervous trunks. Simple absence of action 
usually produces but little effect. Irritation, on the contrary, especially in 
nerves distributed to the skin, is often followed by cutaneous eruptions, as 
Herpes, Pemphigus, cSsc.f An interesting case of the results of absence of 
action has been recorded by Mr. Jon. Hutchinson, J where a deep cut of the 
wrist was received, which was followed by swelling and blistering of the 
fore-finger, the temperature of which was lowered to lO^Fahr. below that 
of the thumb (76° : 86°). In this instance there was complete insensibility 
of the last and part of the second phalanx, the latter symptoms enduring 
for two years. Again in the inflammation just alluded-to as occurring in 
the eye after section of the Fifth nerve, the mere act of division, if this 
be accomplished by a clean cut, appears to have but little effect when the 
eye is carefully protected; but the nutrition of the part is so far altered, that 
exposure to sources of irritation, which in the sound eye are inoperative, 
are now, owing to diminished power of resistance, sufficient to occasion 
acute inflammation ; § and the same explanation may probably be offered for 
the changes occurring in the lungs after section of Pneumogastrics (§ 281). 

710. The influence of particular conditions of the Mind, in exciting, 
suspending, or modifying various Secretions, is a matter of daily experience. 
The Lachrymal secretion, for example, which is continually being formed 
to a small extent for the purpose of bathing the surface of the eye, is 
poured-out in great abundance under the moderate excitement of the 
emotions, either of joy, tenderness, or grief. It is checked, however, by 
violent emotions ; hence in intense grief, the tears do not flow ; and it is 
a well-known indication of moderated sorrow when the gush takes place, 
this very act affording a ftuther relief. The flow of Saliva, again, is 
stimulated by the sight, the smell, the taste, or even by the thought of 
food, especially of such as is of a savoury character. On the other hand, 
violent emotion may suspend the salivary secretion ; as is shown by the 
well-known test, often resorted-to in India, for the discovery of a thief 
amongst the servants of a family, — that of compelling all the parties to 
hold a certain quantity of rice in the mouth during a few minutes, — the 
offender being generally distinguished by the comparative dryness of his 
mouthful at the end of the experiment. There is much reason to believe 
that the secretion of Gastric fluid is affected, in the same manner as that 
of the saliva, by the impressions made by food upon the senses ; for 
it has been ascertained by Bidder and Schmidt|| that it is copiously 

* Paget, Op. cit. p. 48. 

+ See M. Charcot’s cases in “Journal de la Physiologie,” 1859, vol. ii. p. 108. . 

t ** Med. Times and Oaz.,” vol. ii. 1863, p. 197. 

§ See the report of Snellen’s researches in Henle and Meissner’s “ Bericht” for 1857, 
p. 370 ; and Biittner in “ Zeitschrift f. Bat. Medicin,” band xv, p. 254. 

" p, cit p. 85. 
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effused into the stomachs of dogs that have been kept fasting, when 
flesh or any other attractive food is placed before them. That the 
secretion, on the other hand, is entirely suspended by powerful mental 
emotion, seems almost certain, from the well-known influence which this 
has in dissipating the appetite for food, and in suspending the digestive 
process when in active operation. As a cheerful state of feeling, on the 
other hand, seems to be decidedly favourable to the performance of the 
digestive function, it probably exerts a bench cial influence, as to both 
quantity and quality, on the secretion of gastric fluid. Of the influence 
of mental states on other secretions concerned in the reduction and appro- 
priation of the food (such as the Biliary, Pancreatic, and Intestinal fluids), 
neither observation nor experiment has as yet afforded any satisfactory 
information. It is a prevalent, and perhaps not an ill-founded opinion, 
that melancholy and jealousy have a tendency to increase the quantity, 
and to vitiate the quality, of the Biliary fluid. Perhaps the disorder of 
the organic functions is more commonly the source of the former emotion 
than its consequence ; but it is certain that the indulgence of these feel- 
ings produces a decidedly morbific effect by disordering the digestive 
processes, and thus reacts upon the nervous system by impairing its 
healthy nutrition. A copious secretion of feetid gas not unfrequently 
takes-place in the intestinal canal, under the influence of any disturbing 
emotion ; or the usual fluid secretions from its walls are similarly dis- 
ordered. The tendency to Defecation which is commonly excited under 
such circumstances, is not, therefore, due simply to the relaxation of the 
sphincter ani (as commonly supposed) ; but is imrtly dependent on the 
unusually-stimulating character of the faeces themselves. The same may 
be said of the tendency to Micturition, which is experienced under 
similar conditions; the change in the character of the Urine becoming 
perceptible enough among many animals, in which it acquires a power- 
fully-disagreeable odour under the influence of fear, and thus answers the 
purpose which is effected in others by a pecidiar secretion. The halitus 
flroni the Lungs is sometimes almost instantaneously affected by bad news, 
so as to produce foetid breath. The odoriferous secretion of the Sl'iuy 
which is much more powerful in some individuals than others, is increased 
under the influence of certain mental emotions (as fear or bashfulness), 
and commonly also by sexual desire. The Sexual secretions themselves 
are strongly influenced by the condition of the mind. Wlien it is fre- 
quently and strongly directed towards objects of passion, these secretions 
are increased in amount, to a degree which may cause them to be a very 
injurious drain on the powers of the system. On the other hand, the 
active employment of the mental and bodily powers on other objects, has 
a tendency to render less active, or even to check altogether, the processes 
by which they are elaborated.* 

* This is a simple Physiological fact, but of high Moral application. The Author 
would say to those of his younger readers, who urge the wants of Nature as an excuse for 
the illicit gratification of the sexual passion, Try the effects of close mental application 
to some of those ennobling pursuits to which your profession introduces you, in combina- 
tion with vigorous bodily exercise (for the effects of which see § 543), before you assert 
that the appetite is unrestrainable, and act upon that assertion.” Nothing tends so 
much to increase the desire, as the continual direction of the mind towards the objects 
of its gratification, especially under the favouring influence of sedentary habits ; whilst 
nothing so effectually represses it, as the determinate exercise of the mental faculties 
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fll. No Secretion so strongly manifests the influence of the Nervous 
system, and especially of Emotional states, both upon its quantity and its 
quality, as that of the Mammary glands. Although the production of 
Milk, when once established, continually goes-on in the breasts of a 
nursing female, yet it is obviously accelerated in the first instance, and 
augmented afterwards, by the mechanical irritation of the nipple pro- 
duced by the suction of the infant ; and this alone (or in combination 
with the strong desire to furnish milk) has been efiectual in producing 
the secretion in girls and old women, and even in men. Again, in 
the nursing female the secretion is often suddenly augmented by the 
sight of the infant, or even by the tJiovgJit of him in absence, especially 
when associated with the idea of suckling ; this gives-rise to the sudden 
rush of blood to the gland, which is known by nurses as the draughty 
and which may probably be attributed to a dilatation of the Mammary 
^arteries, through the instrumentality of their Sympathetic nerves, analo- 
gous to that which takes-place in the act of blushing (§ 707). — Although 
we are continually witnessing indications of the powerful influence of 
Emotional states upon the qualities of the Mammary secretion, yet it is 
probable that such influence is not at all peculiar to the milk ; and that 
we only recognize it more readily in this case, because tlie digestive 
system of the Infant is a more delicate apparatus for testing it than 
any which the Chemist can devise ; aflbrdijig proof, by disorder of its 
function, of changes in the character of the secretion which no examination 
of its physical properties could detect. The following remarks on this 
subject are abridged from Sir A. Cooper’s valuable work on the Breast : — 
‘‘ The secretion of milk proceeds best in a tranquil state of mindy and 
with a cheerful temper ; then the milk is regularly abundant, and agrees 
well with the child. On the contrary, a fretful temper lessens the quantity 
of milk, makes it thin and serous, and causes it to disturb the child’s 
bowels, producing intestinal fever and much griping. Fits of anger pro- 
duce a very irritating milk, followed by griping in the infant, with green 
stools. Grief has a great influence on lactation, and consequently upon 
the child. The loss of a near and dear relation, or a change of fortune, 
will often so much diminish the secretion of milk, as to render adventi- 
tious aid necessary for the support of the child. Anxiety of mind 
diminishes the quantity, and alters the quality, of the milk. The recep- 
tion of a letter which leaves the mind in anxious suspense, lessens the 
draught, and the breast becomes empty. If the child be ill, and the 
mother is anxious respecting it, she complains to her medical attendant 
that she has little milk, and that her infant is griped and has firequent 
green and frothy motions. Fear has a powerful influence on the secretion 

upon other objects, and the expenditure of nervous energy in other channels. — There 
seems to be something in the process of training young men for the Medical Pro- 
fession, which encourages in them a laxity of thought and expression on these matters, 
that too frequently ends in a laxity of principle and of action. It might have been 
expected that those who are so continually witnessing the melancholy consequences of 
the violation of the Divine law in this particular, would be the last to break it them- 
selves ; but thlB is unfortunately very far from being the case. The Author regrets being 
oblig^ farther to remark, that some works which have issued from the Medical press, 
contain much that is calculated to excite, rather than to repress, the propensity ; and 
that the advice sometimes given by practitioners to their patients, is immoral as well 
as unscientific. 
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of milk. I am informed by a medical man who practises much among 
the poor, that the apprehension of the brutal conduct of a drunken 
husband will put a stop for a time to the secretion of milk. When this 
happens, the breast feels knotted and hard, flaccid from the absence of 
milk, and that which is secreted is highly irritating; and some time 
elapses before a healthy secretion returns. Tei'ror^ which is sudden and 
great fear, instantly stops this secretion.” Of this, two striking instances, 
in which the secretion, although previously abimdant, was completely 
arrested by this emotion, are detailed by Sir A. Cooper. Those passions 
which are generally sources of pleasure, and which, when moderately 
indulged, are conducive to health, will, when carried to excess, alter, and 
even entirely check, the secretion of milk.” 

712. There is oven evidence that the Mammary secretion may acquire 
an actually poisonous character, under the influence of violent mental 
excitement ; for certain phenomena which might otherwise be regarded 
in no other light than as simple coincidences, appear to justify this in- 
ference, when interpreted by the less striking but equally decisive facts 
already mentioned. A carpenter fell into a quarrel with a soldier 
billeted in his house, and was set-upon by the latter with his drawn 
sword. The wife of the carpenter at first trembled from fear and terror, 
and then suddenly threw herself furiously between the combatants, 
wrested the sword from the soldier’s hand, broke it in pieces, and threw 
it away. During the tumult, some neighbours came-in and separated the 
men. While in this state of strong e^tcitement, the mother took-up her 
child from the cradle, where it lay playing, and in the most perfect 
health, never having had a moment’s illness ; she gave it the breast, and 
in so doing sealed its fate. In a few minutes the infant left-off sucking, 
became restless, panted, and sank dead upon its mother’s bosom. The 
physician who was instantly called-in, found the child lying in the cradle, 
as if asleep, and with its features undisturbed ; but all his resources were 
fruitless. It was irrecoverably gone.”* In this interesting case, the milk 
must have undergone a change which gave it a powerful sedative action 
upon the susceptible nervous system of the infant. — The following, which 
occurred within the Author’s own knowledge, is perhaps equally valuable 
to the Physiologist, as an example of the similarly-fatal influence of 
undue emotion of a different character ; and both should serve as a salu- 
tary warning to mothers, not to indulge either in the exciting or in the 
depressing passions. A lady having several children, of which none had 
manifested any particular tendency to cerebral disease, and of which the 
youngest was a healthy infant a few months old, heard of the death (from 

* Dr. Von Ammon, in his treatise “ Die ersten Mutterpflichten und die erste Kindes- 
pflege,” quoted in Dr. A. Combe’s excellent little work on “The Management of In- 
fancy.” — Similar facts are recorded by other writers. Mr. Wardrop mentions (‘^Lancet,** 
No. 61 6), that having removed a small tumour from behind the ear of a mother, all went 
well, until she fell into a violent passion ; and the child, being suckled soon afterwards, 
died^ in convulsions. He was sent-for hastily to see another child in convulsions, after 
taking the breast of a nurse who had just been severely reprimanded ; and he was 
informed by Sir Richard Croft, that he had seen many similar instances. Three others 
are recorded by Burdach Physiologic, ” § 622) ; in one of them, the infemt was seized 
with convulsions on the right side and hemiplegia on the left, on sucking immediately 
after its mother had met with some distressing occurrence. Another case was that of a 
P^PPy^ which was seized with epileptic convulsions, on sucking its mother aftw a fit of 
rage. 
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acute hydrocephalus) of the infant child of a friend residing at a distance, 
with whom she had been on terms of close intimacy, and whose family 
had increased almost contemporaneously with her own. The circumstance 
naturally made a strong impression on her mind ; and she dwelt upon it 
the more, perhaps, as she happened, at that period, to be separated from 
the rest of her family, and to be much alone with her babe. One morn- 
ing, shortly after having nursed it, she laid the infant in its cradle, asleep 
and apparently in perfect health ; her attention was shortly attracted to it 
by a noise; and on going to the cradle, she found her infant in a convulsion, 
which lasted a few moments and then left it dead. Now, although the 
influence of the mental emotion is less unequivocally displayed in this case 
than in the last, it can scarcely be a matter of doubt ; since it is natural 
that no feeling should be stronger in the mother’s mind under such cir- 
cumstances, than the fear that her own beloved child should be taken 
from her, as that of her friend had been ; and it is probable that she had 
been particularly dwelling on it, at the time of nursing the infant on that 
morning. — Another instance, in which the maternal influence was less 
certain, but in which it was not improbably the immediate cause of the 
fatal termination, occurred in a family nearly related to the Author’s. 
The mother had lost several children in early infancy, from a convulsive 
disorder ; one infant, however, survived the usually-fatal period ; but 
whilst nursing him one morning, she had been strongly dwelling on the 
fear of losing him also, although he appeared a very healthy child. In a 
few minutes after the infant had been transferred into the arms of the 
nurse, and whilst she was urging her mistress to take a more cheerful 
view, directing her attention to his thriving appearance, he was seized 
with a convulsion-fit, and died almost instantly. Now although there was 
here unquestionably a predisposing cause, of which there is no evidence 
in the other cases, it can scarcely be doubted that the exciting cause of the 
fatal disorder is to be referred to the mother’s anxiety. This case offers 
a valuable suggestion, — which, indeed, would be afibrded by other consi- 
derations, — that an infant, under such circumstances, should not be nursed 
by its mother, but by another woman of placid temperament, who has 
reared healthy children of her own. 

713. There is abundant evidence that a sudden and violent excitement 
of some depressing Emotion, especially Terror, may produce a severe and 
even a fatal disturbance of the Organic functions ; with general symptoms 
(as Guislain* has remarked) so strongly resembling those of sedative 
Poisoning, as to make it highly probable that the blood is directly affected 
by the Emotional state, through Nervous agency ; and, in fact, the 
emotional alteration of various secretions, just alluded-to (§§ 710, 712), 
seems much more probably attributable to some such affection of the 
blood, than to a primary disturbance of the secreting process itself. 
Although there can be no doubt that the habitual state of the Emotional 
sensibility has an important influence upon the general activity and per- 
fection of the Nutritive processes, — as is shown by the well-nourished 
appearance usually exhibited by those who are free from mental anxiety 
as well as from bodily ailment, contrasted with the “ lean and hungry 
look” of those who are a prey to continual disquietude, — ^yet it is not 
often that we have the opportunity of observing the production of change 
* “Lemons Orales sur les Phr^nopathies,” tom, iii, pp. 165-168. 
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in the nutrition of any specific part, by strong emotional excitement. In 
the two following cases, the correspondence of the effects to their alleged 
causes may have been only casual ; aijd a much larger collection of Ikcts 
would be needed to establish the rationale here advanced as probable. But 
so many analogous though less strongly-marked phenomena are presented 
in the records of medical experience, and the influence of the Emotions 
upon the products of Secretion is so confirmatory, that there does not 
seem any reasonable ground for hesitation, in admitting that the same 
explanation may apply here also. The first of these cases, cited by 
Guislain (loc. cit.) from Ridard, is that of a woman who, after seeing 
her daughter violently beaten, was seized with great terror, and suddenly 
became affected with gangrenous erysipelas of the right breast. But a 
still more remarkable example of local disorder of nutrition, occasioned by 
powerful emotion, and determined as to its seat by the intense direction 
of the attention to a particular part of the body, is narrated by Mr. Carter.* 
“A lady, who was watching her little child at play, saw a heavy window- 
sash fall upon its hand, cutting off three of the fingers ; and she was so 
much overcome by fright and distress as to be unable to render it any 
assistance. A surgeon was speedily obtained, who, having dressed the 
wounds, turned himself to the mother, whom he found seated, moaning, 
and complaining of pain in her hand. On examination, three fingers, 
corresponding to those injured in the child, were discovered to be swollen 
and inflamed, although they had ailed nothing prior to the accident. 
In four-and-twenty hours, incisions were made into them, and pus was 
evacuated ; sloughs were afterwards discharged, and the wounds ultimately 
healed.” 

714. The influence of the state of expectant attention^ in modifying 
the processes of Nutrition and Secretion, is not less remarkable than we 
have already seen it to be in the production or modification of Mus- 
cular movements (§ 707). It seems certain that the simple direction 
of the consciousness to a part, independently of emotional excitement, 
but with the expectation that some change will take-place in its organic 
activity, is often sufficient to induce such an alteration ; and would pro- 
bably always do so, if the concentration of the attention were sufficient. 
The most satisfactory exemplification of this principle has been given by 
the experiments of Mr. Braid, who has succeeded in producing^ very 
decided changes in the secretions of particular organs, by the fixation of 
the attention upon them in the ‘hypnotic’ state (§ 57 G). Thus he 
brought-back an abundant flow of milk to the breast of a female who 
was leaving-off nursing from delect of milk, and repeated the operation 
upon the other breast a few days subsequently, after which^ the supply 
was abundant for nine months ; and in another instance he induced the 
catamenial flow on several successive occasions, when the usual time of 
its appearance had passed. It is not requisite, however, to produce the 
state of Somnambulism for this purpose, if the attention can be suflaciently 
drawn to the subject in any other mode; thus Mr. Braidf has repeatedly 
produced the last-named result on a female who possessed considerable 


On the Pathology and Treatment of Hysten^ p. 24. u nr 

+ See his important Memoir on ‘Hypnotic Therapeutics,’ in “Edinb. Monthly 
Journal ” July, 1853.— Of the reality of this last result, the Author has had an oppor- 
tunity, through Mr. Braid’s kindness, of personally satisfying himself. 
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power of mental concentration, by inducing her to fix her thoughts upon 
it for ten or fifteen minutes, so as to bring- on a state of Abstraction. — 
Now the effects which are producible by this voluntary or determinate 
direction of the consciousness to the result, are doubtless no less pro- 
ducible by that involuntary fixation of the attention upon it, which is 
consequent upon the eager expectation of benefit from some curative 
method in which implicit confidence is placed. It is to such a state that 
we may fairly attribute most, if not all, the cures, which have been 
worked through what is popularly termed the ‘ imagination.’ The cures 
are real facts, however they may be explained ; and there is scarcely a 
malady in which amendment has not been produced, not merely in the 
estimation of the patient, but in the more trustworthy opinion of medical 
obsen^ers, by practices which can have had no other effect than to direct 
the attention of the sufferer to the part, and to keep alive his confident 
expectation of the cure. The ^ charming-away ’ of warts by spells of the 
most vulgar kind, the imposition of royal hands for the cure of the ‘ evil,’ 
the pawings and strokings of Valentine Greatrakes, the manipulations 
practised with the ‘ metallic tractors,’* the invocations of Prince Hohen- 
lohe, et hoc genus omne^ — ^not omitting the globulistic administrations of 
the Infinitesimal doctors, and the manipulations of the Mesmerists, of 
our own times, — have all worked to the same end, and have all been 
alike successful. It is unquestionable that, in all such cases, the benefit 
derived is in direct proportion to the faith of the sufferer in the means 
employed ; and thus we see that a couple of bread pills will produce 
copious purgation, and a dose of red poppy syrup will serve as a power- 
ful narcotic, if the patient have entertained a sufficiently- confident expec- 
tation of such results.f 

715. This state of confident expectation, however, may operate for 
evil, no less than for good. A fixed belief that a mortal disease had 
seized upon the frame, or that a particular operation or system of treat- 
ment would prove imsucccssful, has been in numerous instances (there 
is no reason to doubt) the direct cause of a fatal result. Thus M. Ridard 
relates tlie case of a man, thirty years of age, who was affected with 
stone in the bladder, and who saw a patient die by his side, after being 
operated-upon for the same complaint. The man’s imagination became 
excited ; his thoughts were constantly fixed upon the operation which 
he himself expected to undergo, and upon the probable death that would 
follow ; and, in fact, without any operation at all, he died at the end of 
a month, affected with gangrene both of penis and scrotum. Hence also 
it is, that the morbid feelings of the Hypochondriac, who is constantly 
directing his attention to his own fancied ailments, tend to induce real 
disorder in the action of the organs which are supposed to be affected. — 
In the same category, too, may be placed those instances (to which alone 
any value is to be attached), wherein a strong and persistent impression 

Dr. Haygarth of Bath (in conjunction with Mr. Richard Smith of Bristol) tested the 
value of ‘Perkins’s metallic tractors,’ by substituting two pieces of wood painted in 
imitation of them, or even a pair of teupenny nails disguised with sealing-wax, or a 
couple of slate-pencils ; which they found to possess all the virtues that were claimed 
for the real instruments. i 

+ A remarkable and thoroughly well-attested case of the cure of a fistula lachrymalis 
which had advanced so far as to involve disease of the bones of the nose, is ri^corded in 
the ^'Histoiy of the Portroyalists.” 
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upon the mind of a Mother, has appeared to produce a correspond- 
ing effect upon the development of the fcstus in utero. In this case, 
the effect (if admitted to be really exerted) must be produced upon the 
maternal bloody and transmitted through it to the fostus ; since there is 
no nervous communication between the parent and the offspring. There 
is no difficulty, however, in understanding how this may occur, after 
what has been already stated (§ 199) of the influence of minute altera- 
tions in the Blood in determining loci alterations of nutrition. 


CHAPTER XVL 

OF GENERATION. 

1. General Character of the Function. 

716. Having now passed in review the various operations which are 
concerned in maintaining the life of the individual^ we have next to pro- 
ceed to those which are destined to the perpetuation of the race, by the 
production of successive generations of similar beings. Among Plants, 
and the lower tribes of Animals, a multiplication of independent beings 
takes-place without any sexual process whatever, by a process of gem- 
mation or ‘budding’ from the parent-stock; these ‘ buds,’ at first en- 
tirely nourished by it, gradually become less and less dependent upon it, 
and at last detach themselves and maintain a separate existence. Now 
this process may be regarded as essentially the same with that of the 
multiplication of cells by subdivision, which is one of the most ordinary 
operations of growth and development ; and it is peculiar in nothing else 
than this, — that the newly-formed structure, instead of remaining as a 
constituent and dependent part of the parental fabric, is capable of living 
independently of it, and of thus existing as a distinct individual when 
spontaneously or artificially detached. Among the higher tribes of 
Animals, as in Man, this mode of reproduction, which is merely a multi- 
plication of the individual, and not a real Generative process, does not 
present itself, at least in the adult state ; for in no instance do we find 
that a part of the body separated from the rest can develope the organs 
which are necessary for the sustenance of its existence ; and the power 
which the organism possesses, of regenerating parts which it has lost by 
disease or accident, is restrained within very narrow limits (§ 343), 
But there is good groimd to believe, that such a multiplication by sub- 
division may take place at that earliest period of embryonic life, at which 
the germ is nothing else than a mass of cells, wherein no distinction of 
parts has as yet manifested itself; and that the production of two com- 
plete individuals, held-together only by a connecting band, may arise 
from some cause which determines the subdivision of the germinal mass, 
at the period when its grade of development corresponds with that of the 
Hydra or Planaria (§ 340). And this view of the case is confirmed by 
the facts already stated (§ 343) in regard to the higher de^ee of the 
regenerating power during embryonic life, infancy, and childhood, as 
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compared with that which remains after the development of the fabric 
has been completed. 

717. The proper act of Generation in Man, as in the Animal and Vege- 
table Kingdoms generally (see Princ. of Comp. Phys., Chap, xi.), 
uniformly involves the union of the contents of two peculiar cells, which 
may be designated as the ‘ sperm-cell,’ and the ‘ germ-cell and, as in 
all higher Animals, the ‘ sperm-cell’ developes in its interior a self- 
moving spermatozoon ; whilst the ‘ germ-cell ’ (germinal vesicle) whose 
contents are fertilized by the spermatozoon, is imbedded in a mass of 
yolk destined for the early nutrition of the embryo thence originating ; 
so that this embryo, if supplied with the requisite warmth, as well as 
drawing into itself the aliment stored-up for it, gradually evolves itself 
into the likeness of its parent. There is a great difference, however, 
among the different tribes of Animals, as to the degree of assistance thus 
afforded to the embryo ; the general rule being, that the higher the form 
which the embryo is ultimately to attain, the longer is it supported by 
its parent. Hence we find the embryos of most Invertebrated animals 
coming-forth from tlie egg in a condition very unlike their perfect type, 
and only acquiring this after a long succession of subsequent alterations, 
which frequently involve a complete change of form, or metamorphosis. 
In Fishes, however, the embryo, though far from having completed its 
embryonic development at the time of its emersion from the egg, does 
not differ so widely from the adult type. In Birds, there is a provision 
for a much more advanced development ; the store of nutritious matter, 
or ‘ yolk,’ being so large as to allow the whole series of changes requisite 
for the formation of the complete chick to take-place before it leaves the 
egg. In the Mammalia, on the contrary, the quantity of yolk contained 
in the ovum is very small, but the embryo is only dependent upon it for 
the materials of its increase during the earliest stages of its evolution ; 
for it speedily forms a special connection with the parent-structure, by 
means of which it is enabled to receive a continual supply of newly- 
prepared aliment, sO as to be supported at the expense of this until far 
advanced in its development. Some approaches to this arrangement are 
met-with among certain of the lower animals, but it is only in the 
higher Mammalia that it is completely carried-out ; and it is only in 
this class, too, that we find a supplemental provision for the nutrition of 
the offspring after it has come forth into the world. A considerable dif- 
ference in the ova of different animals further exists, as was first showm 
by Reichert, in the circumstance that in some the whole yolk is applied 
directly to the formation of the embryo ; whilst in others, only a portion 
is so employed, the remainder being as it were a store of food which is 
gradually taken-up in the process of development. The former kind of 
egg consists, therefore, altogether of germ-yolk ; the latter of a small 
germ-yolk, and a large food-yolk. The former has been called ^ holo- 
blastic,’ the latter ^ meroblastic.’ The former is found in Man and 
Mammals, Batrachians, Cyclostome Fishes, the lower Crustacea, Arachnida 
and Mollusca, Annelids, Worms and Radiate animals ; the latter in Birds, 
Amphibia, Fishes, Cephalopods, and the higher groups of Crustacea and 
Arachnida. In many of the lower tribes of animals, the fertilization 
of the ova is accomplished without any sexual congress ; the spermatic 
fluid effused by the male, coming into direct contact with the ova pre- 
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viously deposited by the female ; but in all the higher tribes, as in Man, 
the spermatic fluid is conveyed into the oviducts of the femde, so as to 
impregnate the ovum shortly after it has quitted the ovarium, or even 
before its final escape from it. 


2. Action of the Male. 


718. The Spermatic fluid of the Male is secreted by glandular organs, 
known as Testes. Each of these consists of several lobules, which are 
separated from each other by processes of the Tunica Albuginea that pass 
down between them, and also by an extremely delicate membrane 
(described by Sir A. Cooper under the name of Tunica Vasculosa) con- 
sisting of minute ramifications of the spermatic blood-vessels united by 
areolar tissue. Each lo- 


bule (Fig. 153, a a) is 
composed of a mass of 
convoluted tahuli semini- 
ferij throughout which 
blood-vessels are mi- 
nutely distributed. The 
lobules differ greatly in 
size, some containing one, 
and others many of the 
tubuli ; the total number 
of the lobules is esti- 
mated at about 450 in 
each testis, and that of 
the tubuli at 840. The 
walls of the tubuli are 
firmer than those of simi- 
lar gland-canals else- 
where ; for outside the 
basement-membrane on 
which the epithelium 
rests, they have a toler- 
ably-firm but extensible 
envelope, composed of an 
indistinctly-fibrous con- 
nective tissue with longi- 
tudinal nuclei. Their 


Fio. 163. 



Human Testis, injected with mercury as completely as pos- 
sible : — a, a, lobules formed of seminiferous tubes : b, rcte testis; 
c, vasa efferentia; d, flexures of the efferent vessels passing into 
the head, e, e, of the epididymis ; /, body of the epididymis j 
appendix; A, cauda; i, vas deferens. 


convolutions are so arranged that each lobule forms a sort of cone, the apex 
of which is directed towards the rete testis {b) ; and when they have reached 
to within a line or two of this, they cease to be convoluted, several unite 
together into tubes of larger diameter, and these enter the rete testis 
under the name of tubuli recti. The mode in which the tubuli terminate 


at the large end of the lobule has not been clearly made-out, owing 
partly to the number of their anastomoses ; it is probably either by caecal 
endings, or by loops. The diameter of the tubuli is for the most part 
very uniform ; in the natural condition they seem to vary from about the 
l-195th to the l-170th of an inch; but when injected with mercury, 
they are distended to a size nearly double the smaller of these dimensions. 
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— The rete testis (b) consists of from seven to thirteen vessels, which nm 
in a waving course,* anastomose with each other, and again divide, being 

all connected together. 
The vasa efferentia (c), 
which pass to the head 
of the epididymis, are at 
first straight, but soon 
become convoluted (d), 
each forming a sort of 
cone, of which the apex 
is directed towards the 
rete testis, the base to 
the head of the epididy- 
mis (e). The number 
of these is stated to vary 
from nine to thirty ; and 
their length to be about 
eight inches. The epidi- 
dymis itself (/) consists 
of a very convoluted 
canal, the length of which 
is about twenty-one feet. 
Into its lower extremity, 
that is, the angle which 
it makes where it termi- 
nates in the vas deferens, 
is poured the secretion of the vasculum aherrans or appendix (^) ; which 
seems like a testis in miniature, closely resembling a single lobule in its 
structure. Its special function is unknown. 

719. The fluid secreted by the Testis is mingled, during or previously 
to its emission, with fluid secreted by the Vesiculse Semiiiales, the Pro- 
state, Cowper’s glands, &c. ; and it cannot, therefore, be obtained pure, 
but by drawing it from the testicle itself. No accurate analysis has been 
made of it in the Human subject ; but Kdlliker’*^ has made the following 
analyses of it in the Bull and Stallion 

Bull. stallion. 

Water 820*60 ... . 819*40 

SoUd residue 179*40 .... 180*60 

Spermatiu and Extractive . . . 153*0 . . . . 164*49 

Fat 21*6 .... — 

Salts 26*37 .... 16-11 

and Frerichs,*!' on examining the contents of the Testes of a Kabbit, a 
Cock, and a Carp, found pure Semen to be a milky fluid of a mucous 
consistence, and neutral or slightly-alkaline reaction. The imperfectly- 
developed Spermatozoa are composed of an albuminous substance, the 
quantity of which diminishes with their progress towards maturation ; so 
that the perfectly-developed semen contains no albuminous compound. 
On the other hand, the principal component substance of the mature 
Spermatozoa is the same with Ibat which is the chief constituent of the 

* V. Gorup-Besanez, 1862, ‘‘Pliys. Chem.,” p. 424. 
t Art. ‘Semen/ in “Cyclop, of Anat. and Physiol.,” vol. iv. p. 606. 


Fig. 164. 



Plan of the structure of the Te»tu and EjAdidj/mit -a, a, 
seminiferous tubes ; a*, a*, their anastomoses ; the other refer- 
ences as in the last figure. 
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EpitHelia and of the Horny tissues generally, namely, the * binoxide of 
protein’ of Mulder. Besides this, the spermatozoa contain about 4 per 
cent of a butter-like fat, with some phosphorus in an unoxidized state 
probably combined with the fat, as in the phosphorized fats of the blood- 
corpuscles and of nervous matter), and about 5 per cent of phosphate of 
lime. The spermatozoa evince little tendency to decomposition, and 
offer considerable resistance to the action of sulphuric, nitric, hydro- 
chloric, and acetic acids, and to the caustic alkalies in the cold. The 
fluid portion of the secretion is a thin solution of mucus, which, in 
addition to the animal matter, contains chloride of sodium, and small 
quantities of alkaline sulphates and phosphates. When allowed to 
evaporate spontaneously, crystals of ammoniaco-magnesian phosphate 
are generally formed in abundance. The peculiar odour which the 
Semen possesses, does not appear to belong to the proper spermatic fluid; 
but is probably derived from one or other of the secretions with which it 
is mingled. — The product of the secretion of each Testis is conveyed 
away by a single vas deferens (^), which is a cylindrical canal, having, 
within its fibrous wall, a layer of non-striated muscular fibre, and being 
lined by a proper mucotis membrane. The vas deferens, ascending into 
the abdominal cavity as a part of the spermatic cord, reaches the fundus 
of the bladder; and there it comes into proximity with the Vesicula 
Seminalis of its own side, with whose duct it unites to form the ejacula- 
tory duct which terminates on the verumontanum of the urethra. It has 
been commonly supposed that the vesiculce seminales stand to the vasa 
deferentia in the same light that the gall-bladder stands to the hepatic 
duct ; namely, as a receptacle into which the seminal fluid may regurgi- 
tate, and within which it may accumulate; but (as Hunter was the 
first to maintain) this is not the case, since the fluid that is found 
in them is not semen, and but rarely contains even a small admixture 
of seminal fluid.* Moreover, these organs are not simple vesicles, 
but have a sacculated glandular character ; and their secretion seems 
to be of a mucous nature. Into the same part of the urethra is dis- 
charged the secretion of the Prostate Glaad^ which is pbured-forth 
by a number (15-20) of separate ducts into a depressed fossa on either 
side ; of the nature of this secretion scarcely anything is known ; and it 
can be only surmised that its use, like that of the fluid of the tesiculse 
seminales, is to dilute the seminal fluid, and to give it such an increase of 
bulk that it may be more effectually conveyed within the female passages. 
It seems probable, indeed, that a certain dilution of the fluid secreted by 
the testes may be a condition of its power of fecundation ; since it has 
been ascertained by Mr. Newport, that too copious an application of 
spermatozoa to an ovum is absolutely unfavourable to their action. — That 
in some way or other both these glandular bodies serve as accessory 
organs of generation, may be inferred from the fact, tliat in animals which 
have only a periodical aptitude for procreation, they imdergo an alternate 
increase and decrease, corresponding with the periodical enlargement and 
diminution of the testes themselves, 

720. The essential peculiarity of the Spermatic fluid, however, consists 
in the presence of a large number of very minute bodies, the spermatozoa^ 
which, from their usually remaining in active motion for some time after 

* See Art. ‘Yesiculse Seminales,’ in “Cyclop, of Anat. and Physiol.,” foI. ir. p. 1431. 
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tihey have quitted the living organism, have been erroneously considered 
as proper Animalcules. The Human Spermatozoon (of which representa- 
tions are giVen in Plate I., Pig. 1) consists of a little oval battened ‘ body’ 
between the l-600th and the l-800th of a line in length, from whicM 
proceeds a long filiform ‘ tail’ gradually tapering to the finest point, of 
l-50th or at most l-40th of a line in length. The whole is perfectly 
transparent; and nothing that can be termed ‘ structure’ can be satisfactorily 
distinguished within it. Its movements are principally executed by the 
tail, which has a kind of vibratile undulating motion ; they may continue 
for many hours after the emission of the fluid ; and they are not checked 
by its admixture with other secretions, such as the urine and the prostatic 
fluid. Thus, in cases of nocturnal emission, the Spermatozoa may not 
unfrequently be found actively moving through the urine in the morning ; 
and those contained in the seminal fluid collected from females that have 
just copulated, are frequently found to live many days. Their presence 
may be readily detected by an observer familiar with their appearance, 
and furnished with a Microscope of sufficient power, even when they have 
long ceased to move, and are broken into fragments ; and the Physician 
and the Medical Jurist will frequently derive itiuch assistance from an 
examination of this kind. Thus, cases are of no uncommon occurrence, 
especially among those who have been too much addicted to sexual 
indulgence, in which seminal emissions take-place unconsciously and 
frequently, and produce great general derangement of the health ; and the 
true nature of the complaint is obscure, until the fact has been detected 
by ocular examination. Again, in charges of rape, in which evidence of 
actual emission is required, a microscopic examination of the stiffened 
spots left on the linen will seldom fail in obtaining proof if the act have 
been completed : in such cases, however, we must not expect to meet 
with more than fragments of Spermatozoa; but these are so unlike any- 
thing else that little doubt need be entertained regarding them. It has 
been proposed to employ the same test in juridical inquiries respecting 
doubtful cases of death by suspension, seminal emissions being not un- 
frequent refeults of this kind of violence ; but there arc many obvious 
objections which should prevent much confidence being placed in it.* 

721. The mode of evolution of the Spermatozoa, first discovered by 
Wagner, and more perfectly elucidated by Kdlliker, is sueh as to indicate 
that these bodies are true products of the formative action of the organs 
in which they are found, and cannot be ranked in the same category with 
Animalcules. They are developed in the interior of cells, or ‘ vesicles of 
evolution,’ such as are visible in the seminal fluid in various stages of 
production (Plate I., Fig. 2, a, b, c), and have been known under the 
name of ‘ seminal granules.’ These appear to have been themselves 
formed within parent-cells, which are probably to be regarded as the 
epithelial cells of the tubuli seminiferi; containing, like the analogous 
cells of other glands, the essential elements of the spermatic apparatus. 
These parent-cells are sometimes observed to contain but a single ^ vesicle 
of evolution,’ as shown at d ; but more commonly from three to seven are 
to be seen within them (e). When taken from a body recently dead, 
and examined without being treated with water or any other agent, they 

* See the Author’s Article 'Asphyxia,* in the "Library of Practical Medicine,” and 
the anthoritiea there referred-to* 
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are quite pellucid, and exhibit a delicate contour with perfectly homo- 
geneous contents; very speedily, however, a sort of coagulation takes-place 
within them, by which their contents are rendered granular. Each of 
these ‘ vesicles of evolution ’ gives origin to a spermatozoon, and to one 
only ; the earliest stages of its development have not yet been fully made 
out, since it does not at first exhibit those sharp distinct contours, depen- 
dent on its great refractive power, which afterwards distinguish it ; but it 
is seen lying in the interior of the cell as a slight linear shadow, at first 
partly hidden by the surrounding granules (Fig. 3, b), but afterwards 
without any such obscuration. When the vesicle is completely matured, it 
bursts and gives exit to the contained spermatozoon ; but it is common 
for the parent-cells to retain the vesicles of evolution during the develop- 
ment of the spermatozoa within the latter; so that the spermatozoa set-free 
by the rupture of these are still enveloped by the parent-cell. In this 
condition they have a tendency to aggregation in bundles ; and these 
bundles are finally liberated by the rupture of the parent- cell, after which 
the individual spermatozoa separate one from another. The spermatozoa 
are not normally found free in the tubuli seminiferi ; although they may 
be there so far advanced in development, that the addition of water libe- 
rates them by occasioning the rupture of their envelopes. In the rete 
testis and vasa efferentia, the spermatozoa are very commonly found lying 
in bundles within the parent-cells, the vesicles of evolution having disap- 
peared ; and they are usually set-free completely by the time that they 
reach the epididymis, though still frequently associated in bundles. The 
earlier phases are occasionally met- with, however, even in the vas deferens. 

722. That the Spermatozoa are the essential elements of the spermatic 
fluid, may be reasonably inferred from several considerations. There are 
some cases in which the ‘ liquor seminis ’ is altogether absent, so that they 
constitute the sole element of the semen ; whilst, on the other hand, they 
are never wanting in the semen of animals capable of procreation ; but 
are absent, or imperfectly developed, in the semen of hybrids, which are 
nearly or entirely sterile. Moreover, it may be considered as certain 
that the absolute contact of the spermatozoa with the ovum is requi- 
site for its fecundation; whilst, on the other hand, if the spermatozoa 
be carefully removed from the liquor seminis by filtration, the latter is 
entirely destitifte of fertilizing power.*]' Hence the presence of the Liquor 
Seminis must be considered as merely incidental; and as answering some 
secondary purpose, either in the development or in the conveyance of ^he 
Spermatozoa. 

723. The power of procreation does not usually exist in the Human 
Male before the age of from 14 to 16 years; and it may be considered 
probable that no Spermatozoa are produced until that period, although a 
fluid is secreted by the testes. At this epoch, which is ordinarily desig- 
nated as that of Pvherty, a considerable change takes-place in the bodily 
constitution : the sexual organs undergo a much-increased development ; 

♦ For the latest researches on the development, &c. of the Spermatozoa, see the 
elaborate Article 'Semen,’ in the “ Cyclop, of Anat. and Physiol.,” by Drs. Wagner and 
Leuckardt, and Prof. Kolliker’s “Manual of Microscopic Anatomy,” 1860. 

fThis point was completely established by the researches of Mr. Newport (“Phil. 
Trans.,” 1861), who repeated and confirmed the experimental results previously obtained 
by Spallanzani and by Prevost and Dumas. 
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various parts of the surface, especially the chin and the pubes, become 
covered with hair ; the larynx enlarges, and the voice becomes lower in 
pitch, as well as rougher and more powerful ; and new feelings and desires 
are awakened in the mind. Instances, however, are by no means rare, in 
which these changes occur at a much earlier period; the full development 
of the generative organs, with manifestations of the sexual passion, having 
been observed in children but a few years old. The procreative power 
may last, if not abused, during a very prolonged period. Undoubted in- 
stances of virility at the age of more than 100 years are on record ; but 
in these cases, the general bodily vigour was preserved in a very remarkable 
degree. The ordinary rule seems to be, that sexual power is not retained 
by the male to any considerable amount, after the age of 60 or 65 years. 

724. To the use of the sexual organs for the continuance of his race, 
Man is prompted by a powerfiil instinctive desire (§ 544), which he shares 
with the lower animals. This Instinct, like the other propensities, is 
excited by sensations ; and these may either originate in the sexual organs 
themselves, or may be excited through the organs of special sense. Thus 
in Man it is most powerfully aroused by impressions conveyed through the 
sight or the touch ; but in many other animals, the auditory and olfactory 
organs commimicate impressions which have an equal power ; and it is 
not improbable that, in certain morbidly-excited states of feeling, the 
same may be the case in ourselves. Localized sensations have also a very 
powerftd effect in exciting sexual desire, as must have been within the ex- 
perience of almost every one; the fact is most remarkable, however, in cases 
of Satyriasis, which disease is generally found to be connected with some 
obvious cause of irritation of the generative system, such as pruritus, active 
congestion, &c. That some part of the Encephalon is the seat of this as 
of other instinctive propensities, appears from the considerations formerly 
adduced ; but that the Cerebellum is the part in which this function is 
specially located, cannot be regarded as by any means sufficiently proved 
(§§ 540-544). The instinct, when once aroused (even though very ob- 
scurely felt), acts upon the mental faculties and moral feelings ; and thus 
becomes the source, though almost imconsciously so to the individual, 
of the tendency to form that kind of attachment towards one of the oppo- 
site sex, which is known as love. This tendency cannot be regarded as 
a simple passion or emotion, since it is the result of the cUnbined opera- 
tions of the reason, the imagination, and the moral feelings ; and it is in 
this engraftment (so to speak) of the psychical attachment, upon the mere 
corporeal instinct, that a difference’ exists between the sexual relations of 
Man and those of the lower animals. In proportion as tlie Human being 
makes the temporary gratification of the mere sexual appetite his chief 
object, and overlooli the happiness arising from spiritual communion, 
which is not only purer but more permanent, and of which a renewal may 
be anticipated in another world, — does he degrade himself to a level 
with the brutes that perish. Yet how lamentably frequent is this degra- 
dation ! 

725. When, impelled by sexual excitement, the Male seeks intercourse 
with the Female, the erectile tissue of the genital organs becomes turgid 
with blood (§ 262), and the surface acquires a much-increased sensibility; 
this is especially acute in the Gians penis. By the friction of the Gl^s 
against the rugous walls of the Vagina, the excitement is increased ; and 
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the impression which is thus produced at last becomes so strong, that it 
calls-forth, through the medium of a ganglionic centre, probably situated 
in the lower portion of the Spinal Cord, a reflex contraction of the mus- 
cular fibres of the Vasa Deferentia, and of the muscles which surround 
the Vesiculae Seminales and Prostate gland. These receptacles discharge 
their contents into the Urethra ; from which they are expelled with some 
degree of force, and with a kind of convulsive action, by its own Com- 
pressor muscles ; whilst they are prevented from passing back into the 
bladder, according to Kobelt, by the great distension of the Venunon- 
tanum which occurs during the period of erection. Now although the 
sensations concerned in this act are ordinarily most acutely pleasurable, 
there appears sufficient evidence that they are by no means essential to 
its performance ; and that the impression which is conveyed to the Spinal 
Cord need not give rise to a sensation, in order to produce the reflex con- 
traction of the Ejaculator muscles (§ 495). The high degree of nervous 
excitement which the act of coition involves, produces a subsequent 
depression to a corresponding amount ; and the too frequent repetition of 
it is productive of consequences very injurious to the general health. 
This is still more the case with the solitary indulgence, which (it is to be 
feared) is practised by too many youths ; for this, substituting an unna- 
tural degree of one kind of excitement for that which is wanting in another, 
cannot but be still more trying to the bodily powers. The secretion of 
seminal fluid being, like other secretions, very much under the control 
of the nervous system, will be increased by the continual direction of the 
mind towards objects which awaken the sexual propensity (§ 710) ; and 
thus, if a frequent discharge be occasioned, whether by natural or unna- 
tural excitement, a much larger quantity will altogether be produced, 
although the amount emitted at each period will be less, and its due per- 
fection will not be attained, the fluid under such circiunstances being 
found to contain an unduly-large proportion of immature seminal cells. 
The formation of the secretion seems of itself to be a much greater tax 
upon the corporeal powers, than might have been supposed h priori : and 
it is a well-known fact, that the highest degree of bodily vigour is incon- 
sistent with more than a very moderate indulgence in sexual intercourse ; 
whilst nothing is more certain to reduce the powers, both of body and 
mind, than excess in this respect. — These principles, which are of great 
importance in^ the regulation of the health, are but expressions of the 
general law (which prevails equally in the Vegetable and in the Animal 
kingdom), that the Development of the Individual and the Reproduction 
of the Species stand in an inverse ratio to each other. 


3. Action of the Female, 

726. The essential part of the Female Generative system, is that in 
which the Ova are prepared ; the other organs are merely accessory, and 
are not to be found in a large proportion of the Animal kingdom. In 
many of the lower animals, the Ovarium consists of a loose tissue con- 
taining many areolee, in which the Ova are formed, and from which they 
escape by the rupture of the cell- walls ; in the higher animals, as in the 
Human female, the substance of the Ovarium is firm and opmpact, and 
coiiHBts of a nucleated, tough, fibrous, though not dMdaa|C% fiS^rfilar, con- 
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nectiyo tissue,, forming wliat is known as tfie stroma ; and the Ova, except 
when they are approaching maturity, can only be distinguished in the 
interstices of this, by the aid of a high magnifying power.* The Ovum 
in all Vertebrated animals is produced within a capsule or bag, the 
exterior of which is in contact with the stroma of the ovarium ; this has 
been termed, in Mammalia, the Graafian vesicle, after the name of its 
first discoverer; but the more gener^ and appropriate designation of 
Ovisac was given to it by Dr. Barry, who showed that it exists in other 
classes of Vertebrata.f Between the Ovum and the Ovisac, in Oviparous 
animals, there is scarcely any interval ; but in the Mammalia, a large 
amount of granular matter (composed of nucleated cells, loosely aggre- 
gated together) is present ; being especially found adherent to the lining 

Fig. 165. 



Constituent parts of Mammaliav Ovum : — a, entire ; B, ruptured, with the contents escap- 
ing; — m Vt vitelline membrane ; yolk; v g, germinal vesicle; t g, germinal spot. 


of the ovisac, to which it forms a sort of epithelium, or internal tunic, 
known as the membrana granulosa ; whilst it also forms a disk-like 
investment to the ovum, which is termed the discus proligerus. The 
membrane which incloses the yolk in Mammalia has received, on account 

* SeTeral works haye lately appeared upon the minute anatomy of the Ovaries, amongst 
the more important of which areBorsenkow in the “ Wurzburger Naturwiss. Zeitscbrift,’* 
band iv. p. 66 ; Schron in the Zeits. f. Wiss. Zoologie,” band xii. heft 3 ; Quincke in 
idem, band xii. p. 483 ; Grohe in Virchow’s Archiv,” band xxvi. p. 271 ; and 
PflUger, Ueber die Eierstocke der Saugethiere und des Menschen/’ Leipzig, 1863. 
Pfliiger maintains that at an early period tubes may be seen in the ovaries, provided with 
a membrana propria and an epithelium, within which the eggs develope, and which, by 
becoming constricted at certain points, form the Graafian follicles. Other observers 
have been unable to discover these tubes. Borsenkow, however, corroborates Pfliiger’s 
observations, having seen them in kittens radiating from the centre towards the periphery 
of the ovary, and forming chains of follicles. He describes the eggs as proceeding from 
specially-developed cells contained in these tubes, the egg being consequently, from its 
very commencement, a cell, and not a free nucleus. The vedcula germinativa is the 
nucleus of this cell, and the contents of the cell are the yolk, the latter being present in 
the earliest stage, so that there is no surrounding of a nucleus with protoplasm, or of a 
primitive cell with yolk substance. Quincke has seen eggs with two vmciUce germina* 
tivce, and elongated follicles with two or three eggs, and believes that the Graafian 
folHdes increase by division, and that the whole Graafian follicle is only an enlarged cell, 
in the interior of which, in consequence of the fission of its nucleus, the egg and the cells 
of ^e membrana granulosa develop. 

t 'Beeearchesin Bmbiyology,’ 1st series, in “Philos. Transact.,” 1838. 
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of its thickness and peculiar transparency, the distinctive appellation of 
zona pellucida (Fig. 155, m v). — The yolk or vitellus (j)^ which is com- 
posed of albumen and oil-particles, with traces of cells, is very small in 
the Mammalian ovum, its function being limited to the sustenance of 
the germ during its earliest period of development ; and it corresponds 
rather with that part of the yolk of the egg of the higher Ovipara which 
has been distinguished as the ‘ germ-yolk,’ in consequence of its direct 
participation in the formation of the germinal substance, than with 
that which has been termed the ‘food-yolk,’ as not being incorpo- 
rated with the germ, but being destined for its subsequent nutrition by 
undergoing conversion into blood. Occupying the centre of the vitelline 
mass, in the immature ovum, is a peculiar cell, very different in its aspect 
from the surrounding substance, which is termed the germinal vesicle 
(Fig. 155, V g')\ and this has a very distinct nucleus {t known as the 
germinal spot. This cell must be considered as the essential part of the 
ovum, and as homologous with the ‘ germ- cell’ or ‘ embryonal vesicle’ 
of the Vegetable ovule. — The Egg of the Fowl, as it escapes from the 
ovary, consists of the 

food-yolk (i, Pig. 156) isg. 

and the germ-yolk (8 and 

9 ), enclosed in a thin 

vitelline membrane ( 2 ). 

The germ-yolk appears ^ 

on the surface of the food- ([i f ^ff \ \ 
yolk as a small yellowish- [[ \ II ff j[| 

white disk, termed the 

Cicatricula (8), in the \( \ \ y 

centre of which the ger- 

minal vesicle and germinal 

spot may sometimes be 

seen J from the deep sur- Sectional view of Fowls Egg : — 1, yellow yolk composed of 
face of the cicatricula a successive layers : 2, vitelline membrane ; 3, layers of albumen ; 

, j.* i? -r 4, two principal layers of the lining membrane of the shell; 

prolongation OI tne germ- 6, calcareous shell; 6, ohalazBB; 7, air -space between the two 
vnllr fn npor ponfr-o layers of the shell; 8, cicatricula, with its nucleus, beneath 

‘ centre which is seen the canal leading down to the white yolk cavity 

of the food-yolk may or latebra, 9.— (Slightly altered from Allen Thomson). 

be traced, forming at 

this part the Latebra ( 9 ). The food-yolk (i), of very large size, 
presents concentric marlangs, or halones, indicating the mode of its 
formation. As the egg descends the oviduct (the left one being 
alone developed in the Bird), a remarkable coating of firm albumen is 
deposited around it, which by the rotation of the egg becomes twisted in 
opposite directions at the two poles. These portions of albumen are 
termed the ChalazcB ( 6 ), and it is by the slight elasticity which they 
possess that the vitellus is subsequently enabled to float in the surrounding 
albumen with the cicatricula uppermost j and consequently, whilst closely 
approximated to the warm body of the mother, freely exposed to light and 
air. Around the chalazae successive layers of glairy albumen ( 3 ) are 
deposited, which are finally enclosed by three layers of membrane (4 and 
3), the last of which, near the outlet, undergoes calcification in a special 
secreting segment or chamber of the oviduct. In making a CQmparison 
between the egg of the Bird and that of the Mammal, two views may be 


Sectional view of Fowls Egg : — 1, yellow yolk composed of 
successive layers ; 2, vitelline membrane ; 3, layers of albumen ; 
4, two principal layers of the lining membrane of the shell ; 
6, calcareous shell ; 6, chalazae; 7, air -space between the two 
layers of the shell ; 8, cicatricula, with its nucleus, beneath 
which is seen the canal leading down to the white yolk cavity 
or latebra, 8.— (Slightly altered from Allen Thomson). 
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entOTtained. On iJie one hand, Meckel, with whom Allen Thomson* 
in the main agrees, considers that the white, ‘ germ’ or primitive yolk of 
the Bird’s egg, consisting of the germinal vesicle, granular yolk, and a 
limitary membrane, or zona pellucida, is the analogue of the whole ovum 
of Mammals ; in which case we may look upon the yellow yolk of the 
Bird and scaly Keptiles as analogous to the granular cells of the Graafian 
vesicle and timica granulosa of the Mammal, the albumen ovi to the 
uterine secretion, and the calcareous shell to the decidual mucous mem- 
brane of the uterus. KoUiker, Hoyer, and Samter, on the other hand, 
deny the existence at any period of the above-mentioned limitary mem- 
brane, or zona peUucida, of the white yolk ; and with this the whole case 
fells to the ground, and we must adopt the other view, that, namely, 
notwithstanding its large size and complex formation, the entire egg of 
the Bird corresponds to the entire egg of the Mammal. 

727. The Human Ovum is extremely minute; not measuring above 
1- 120th of an inch in diameter, and being sometimes no more than half 
that size. The diameter of the germinal vesicle of the Human ovum has 
not yet been ascertained, owing to the diflSculty of isolating it from the 
yolk; in the ovum of the Rabbit, it is about 1 -720th and in the Guinea 
Pig about 1-1 800th of an inch ; and that of the germinal spot, in the 
Mammalia generally, is from l-3600th to l-2400th of an inch. 

728. It appears, from the researches of Valentin and BischofF, that in 
Mammalia the Graafian vesicle, or Ovisac, is formed previously to the 
Ovum, which is subsequently developed in its interior; and on this 
view it would seem that we may regard it as a vesicle of evolution for 
the ovum, in the same way that the gland-cells of the testis act as 
vesicles of evolution for the spermatozoa. But Baer, Barry, and Allen 
Thomsonf maintain that small germ-vesicles may be sometimes detected 
(in Birds at least), in the stroma of the ovary uncovered by a Graafian 
follicle or capsule. It is certain that the development of ovisacs com- 
mences at a very early period of life ; in the ovaries of some animals, 
they can be detected almost as soon as these organs are themselves 
evolved ; and in all, they show themselves soon after birth. In Plate I., 
Fig. 4, is represented the condition of the Graafian vesicles in various 
stages of development, as they are seen imbedded in the fibrous stroma 
of the ovarium, in a thin slice from the ovary of a sow three weeks 
old ; by which time the germinal vesicle, which is the first part of the 
ovum that makes its appearance, has been developed in their interior. The 
germinal vesicle, which distinctly shows the germinal spot, is surrounded 
by an assemblage of granules, which gives the first indication of a yolk ; and 
around these, the zona pellucida appears to be subsequently developed. The 
ovum at first occupies the centre of the Graafian vesicle, but it subsequently 
removes to its periphery ; and, when the contents of the ovisac are imder- 
going maturation, prior to their escape, the ovum is always found on the 
side of it nearest to the surface of the ovary. The proper Ovisac, whose 
wall is fo^ed of a non- vascular membrane, is surrounded by a vascular 
layer, whi^ is formed by a condensation of the ordinary stroma of the 
ovarium ; is this which is usually described as the outer layer of the 
Graafian vesicle. 

729. A ooo!<^ual change seems to be taking-place in the contents of 

* of and PHydoL,*’ Supplement, 1859, p. 77. t Ibid. p. 75. 
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the Ovarium during the greater part of life ; certain of ^ Ovisacs or 
Graafian vesicles, and their contents, successively arriving at maturity, 
whilst others degenerate and die. According to the 
valuable inquiries of Dr. Eitchie,* it appears that Fio. 157. 
even during the period of childhood, there is a con- 
tinual rupture of ovisacs and discharge of ova, at the 
surface of the ovarium. The Ovaria are studded with 
numerous minute copper-coloured maculae, and their 
surface presents delicate vesicular elevations, which 
are occasioned by the most matured ovisacs; the 
dehiscence of these takes-place by minute punctiform 
openings in the peritoneal coat, and no cicatrix is 
left. At the period of puberty, the stroma of the 
ovarium is crowded with ovisacs ; which are still so 
minute, that in the Ox (according to Dr. Barry’s com- 
putation) a cubic inch would contain 200 millions of 
them. The greatest advance is seen in those which 
are situated nearest the surface of the Ovarium ; 
and in such, the Graafian vesicle, with its two coats, 
may be distinctly traced. In those animals whose 
aptitude for conception is periodical, the development 
of the ova to such a degree that they become jirepared 
for fecundation, is periodical also. This development 
is made evident, when the parts are examined in an oownwmqftheBahtnt, 
animal which is ^ in heat,’ by the projection of the at the penod of Heatj 
Graafian vesicles from the surface (Fig. 157) ; and it Sthe wtrowonof om* 
consists ncft merely in an increase of size, but in 
certain internal changes presently to be described (§ 734). 

730. In the Human female, the period of Puberty y or commencing 
aptitude for procreation, is usually between the 13th and 16th years; it 
is generally thought to be somewhat earlier in warm climates than in 
cold, I and in densely-populated manufacturing towns than in thinly- 
peopled agricultural districts. The mental and bodily habits of the 
individual have also considerable influence upon the time of its occur- 

* “ London Medical Gazette,” 1844. 

+ It has been stated, by almost all Physiological writers, that women (like fruits) 
reach maturity, and that menstruation commences, much earlier in hot climates, parti* 
cularly between the tropics, than in temperate and very cold countries. From many 
elaborate and interesting papers which have been published within a few years, how- 
ever, especially from those of Mr. Boberton of Manchester (recently collected in hSs 
‘^Essays on Menstruation, and on Practical Midwifery,” 1851), it would seem that the 
natural period of puberty in temperate climates occurs in a much more extended range 
of ages, and is much more equally distributed through that range, than others have 
alleged ; and that, in other countries, the supposed parallel between plants and fruits 
does not hold good. The fact seems to be, that this, like other periodic phenomena of 
warm-blooded animals, is but little influenced by external temperature, simply beoaute 
the rate of growth and development, of which these phenomena are the exponents, ia^ 
determined by the temperature of the body itself, not by that of the surrounding 
medium. Still it is quite possible that external warmth may have a slight influence in 
determining early puberty ; since, as already shown, it tends to mmntain a somewhat 
higher degree of bodily heat (§ 405). According to Szukitz, the average age at which 
the catamenia appear amongk Gierman women is 164 y®nrs ; according to Brierre de 
Boismont, it occurs a year earlier in Parisian, girls. See Henle and Mmaer'ii “ Bericht^” 
1857, p. 606. 
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roHce ; girls bronglit-up in the midst of luxury or sensiial indulgence^ 
undergoing tliis change earlier than those reared in hardihood and self- 
denial. The changes in which puberty consists, are for the most part 
connected with the Eeproductive system. The external and internal 
organs of generation imdergo a considerable increase of size ; the mam- 
mary glands enlarge ; and a deposition of fat takes-place in the mammae 
and on the pubes^ as well as over the whole surface of the body, giving 
to the person that roundness and fulness, which are so attractive to the 
opposite sex at the period of commencing womanhood. The first ap- 
pearance of the Catamenia usually occurs whilst these changes are in 
progress, and is a decided indication of the arrival of the period of 
puberty ; but it is not unfrequently delayed much longer ; and its 
absence is by no means to be regarded as a proof of the want of aptitude 
for procreation, since many women have borne large families without 
having ever menstruated. The Catamenial discharge, as it issues from 
the uterus, appears to be nearly or quite identical with ordinary blood ; 
but in its passage through the vagina, it becomes mixed with the acid 
mucus exuded from its walls, which usually deprives it of the power of 
coagulating. If the discharge shotdd be profuse, however, a portion of 
its fibrin remains imafiected, and clots are formed. In cases in which, 
by the death of women at this period, an opportunity has been afforded 
for the examination of the lining membrane of the uterus during men- 
struation, it is found to be unusually turgid with blood, the veins in 
particular being much distended, and opening upon the internal smfface 
by capillary orifices, to which valvules are occasionally found attached.* 
lienee it is scarcely correct to designate the menstrual flux as a ‘ secre- 
tion;’ although there is reason to think that it may carry-off, besides 
blood, certain matters which would be appropriate to the formation of a 
Decidual membrane (§ 741), but which, if not so employed, become 
excrementitious. — The interval which usually elapses between the suc- 
cessive appearances of the discharge, is about four weeks ; and the 
duration of the flow is from three to six days. There is great variety 
in this respect, however, among the inhabitants of different climates, and 
among individuals; in general, the appearance is more frequent, and 
the duration of the flow greater, among the residents in warm countries, 
and among individuals of luxurious habits and relaxed frame, than 
among the inhabitants of colder climes, or among individuals inured to 
bodily exertion. The first appearance of the discharge is usually pre- 
ceded and accompanied by considerable general disturbance of the 
system, especially pain in the loins and a sense of fatigue in the lower 
extremities ; and its periodical return is usually attended with the like 
symptoms, which are more or less severe in different individuals. 

731. Much discussion has taken-place respecting the causes and pur- 
poses of the Menstrual flow; and recent inquiries have thrown great 
light upon them. The state of the female generative system, during its 
continuance, appears to be analogous to the heat ox periodic sexual excite- 
ment of the lower animals ; some of which have a sero-sanguinolent dis- 
charge at that period, and among many of which the ova are entirely 
extruded by the female before the spermatic fluid of the male reaches 
them, this occasionally taking-place even in Birds. There is good reason 
* See Whitehead **Oii Abortion and Sterility,” pp. 18-87. 
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to believe that in the Human female the sexual feeling becomes stronger 
at the period of menstruation ; and it is quite certain that there is a 
greater aptitude for Conception, immediately before and after that epoch, 
than there is at any intermediate period. Observations to this effect 
were made by Hippocrates, and were confirmed by Boerhaave and 
Haller ; indeed, coitus immediately after menstruation appears to have 
been frequently recommended as a cure for sterility, and to have proved 
successful. This question has been made the subject of special inquiry 
by M. Raciborski ; who affirms that the exceptions to ffie rule-— that 
conception occurs immediately before or after, or during menstruation — 
are not more than 6 or 7 per cent. Indeed, in his latest work on this 
subject,* he gives the details of 15 cases, in which the date of conception 
could be accurately fixed, and the time of the last appearance of the 
catamenia was also known ; and in all but one of them, the correspond- 
ence between the two periods was very close. Even in the exceptional 
case, the catamenia made their appearance shortly after the coitus ; 
which took-place at about the middle of the interval between the two 
regular periods. Wlien conception occurs immediately before the men- 
strual period, the catamenia sometimes appear, and sometimes are absent ; 
if they appear, their duration is generally less than usual. The fact 
that conception often takes-place immediately before the last appearance 
of the catamenia (and not after it, as commonly imagined), is one well 
known to practical men. — Numerous cases have been collected by Mr. 
Girdwood, Dr. Robert Lee, MM. Gendrin, Negrier, Raciborski, and 
others, in which the menstrual period was evidently connected with the 
maturation and discharge of ova;*]* but the most complete observations 
yet made on this subject, are those of Dr. Ritchie (loc. cit.). He states 
that about the period of puberty a marked change usually takes-place in 
the mode in which the ovisacs discharge their contents ; but that this 
change does not necessarily occur simultaneously with the first appear- 
ance of the catamenia ; as in some cases, the conditions which obtain in 
the period before puberty, are extended into that of menstruation. The 
ovaries now receive a much larger supply of blood ; the ovisacs show a 
great increase in bulk and vascularity, so that, when they appear at the 
surface of the ovary, they present themselves as pisiform turgid eleva- 
tions ; and the discharge of their contents leaves a much larger cicatrix, 
and is accompanied by an effusion of blood into their cavity, with other 
subsequent changes to be presently described. It would appear, how- 
ever, that although such a discharge takes-place most frequently at the 
menstrual period, yet the two occurrences are not necessarily co-existent; 
for menstruation may take-place without any such rupture ; whilst, on 
the other hand, the maturation and discharge of mature ova may occur 
in the intervals of menstruation, and even at periods of life when that 
function is not taking-place. Perhaps the most correct general state- 
ment on the subject would be this : that there is a pori^ic return of 
Ovarian excitement, which tends to the maturation and extrusion of 

* “ Snr la Ponte des Mammifdres,” Paris, 1844. 

f Such, at least, appears to be the legitimate inference from the state of the 
Ovaries ; but the cases are very few in which the extruded Ova have been found in the 
female passages. Two such cases (one of them, however, not altogether satisfactory) were 
recorded by Dr. Letheby, in “ Philos. Transact,,*' 1852. 
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OYOlos, thongH it may not always reach that point; whilst there is 
also a periodic turgesoence of the vessels of the lining membrane df 
the Uterus, which tends to the production of a decidual membrane; 
— but that these two periods, though usually coincident, are not neces- 
sarily so ; and that either change may occur without the concurrence of 
the other. 

732. The duration of the period of aptitude for procreation, as marked 
by the persistence of the Catamenia, is more limited in Women than in 
Men, usually terminating at about the 45th year ; it is sometimes pro- 
longed, however, for ten or even fifteen years ftnther ; but cases are rare 
in which women above 50 years of age have borne children. There is 
usually no menstrual flow during pregnancy and lactation ; in fact, the 
cessation of the catamenia is generally one of the first signs indicating 
that conception has taken-place. But it is by no means uncommon for 
them to appear once or twice subsequently to conception ; and in some 
women there is a regular monthly discharge, though probably not of the 
usual character, through the whole period. Some very anomalous cases 
are on record, in which the catamenia never appeared at any other time 
than during pregnancy, and were then regular. The absence of the 
catamenia during lactation is by no means constant, especially if the period 
be prolonged ; when the menstrual discharge recurs, it may be considered 
as indicating an aptitude for conception; and it is well known that, 
although pregnancy seldom recurs during the continuance of lactation, 
the rule is by no means invariable. 

733. The function of the Female, during the coitus, is essentially 
passive. Wlien the sexual feeling is strongly excited, there is a con- 
siderable degree of turgescence in the erectile tissue surrounding the 
vagina, and composing the greater part of the nymphae and the clitoris ; 
and there is an increased secretion from various glandular follicles.* But 
these changes are by no means necessary for effectual coition ; since it is 
a fact well established, that fruitful intercourse may take-place when the 
female is in a state of narcotism, of somnambulism, or even of profound 
ordinary sleep. It has been supposed by some, that the os uteri dilates, 
by a kind of reflex action, to receive the semen ; but of this there is no 
evidence. The introduction of a small quantity of the fluid just within 
the vagina, appears to be all that is absolutely necessary for conception ; 
for there are many cases on record in which pregnancy has occurred, in 
spite of the closure of the entrance to the vagina by a strong membrane 
in which but a very small aperture existed. That the spermatozoa make 

* The glands of Duvemey, which were very accurately described by Professor Tiede- 
xnann (1840), and subsequently by M. Huguier in the “Archives d’Anatomie’’ (1847), 
seem to be analogous to Cowper’s glands, and like them are sometimes wanting and 
differ in sLse. In advanced age they are said to diminish in size, and even to disappear. 
They are present in the females of iXL animals, where Cowper's glands exist in the males. 
They secrete a thick, tenacious, greyish- white fluid, which is emitted in large quantity 
at the termination of the sexu^ act, most likely from the spasmodic contraction of the 
constrictor vi^ginm muscle, under which they he. Its admixture with the male semen 
has been supposed to have some connection with impregnation ; but no proof whatever 
has been given that any such admixture is necessary. It seems not improbable, how- 
ever, that it may serve, like the prostatic fluid of the male, to give a dilution to the 
seminal fluid that is favourable to its action (§ 719). These glands were probably known 
to the ancients ; and it is doubtless their secretion, which Hippocrates and others describe 
as the female semen. 
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ymj towards the ovariim, and fecundate the ovum eidier before it 
entirely quits the ovisac or very shortly afeerwards, appears to be the 
general r^e in regard to the Mammalia ; and their power movement 
must obviously be both vigorous and long continued to enable them to 
traverse so great an extent of mucous membrane, especially when it is 
remembered that they ascend in opposition to the direction of the ciliary 
movement of the epithelial cells, and to the downward peristaltic action 
of the Fallopian tubes, which may generally be noticed in animals killed 
soon after sexual intercourse. — We shall now consider the changes in the 
Ovum and its appendages, by which it is prepared for fecimdation. 

734. Up to the period when the Ovum is nearly brought to maturity, 
it remains in the centre of the ovisac or inner layer of the Graafian 
follicle ; and it is supported in its place by the ‘ membrana granulosa,’ 
which is continuous with its proligerous disk. The movement of the 
ovum towards the surface, which has been already referred~to as a part 
of the changes by which it is prepared for fecundation, appears from the 
observations of Valentin to be due to the following cause : — In the imma- 
ture ovisac, the space between its inner layer and the ovum is for the 
most part fiUed-up with cells ; these, however, gradually dissolve-away, 
especially on the side nearest the surface of the ovary ; whilst an albu- 
minous fluid is effused from the deeper part of the ovisac, which pushes 
the residual layer (forming the discus proligerus) before it, and thus 
carries it against the opposite wall. At the same time, there is a gradual 
thinning-away of the various envelopes of the Graafian follicle, as well as 
of its own walls, in the situation of its most projecting part ; and thus it 
is preparing to give-way at that point, for the discharge of the contained 
ovum. Before rupture takes place, however, the ovisac itself undergoes 
a considerable change. Its walls become more vascular externally, and 
are thickened on their interior 


by the deposit of a fleshy-look- 
ing substance, which in many 
of the lower Mammalia is of a 
reddish colour, whilst in the 
Human female it is rather of a 
yellowish hue. This substance, 
known as the Corpus luteum,^ is 
at first entirely composed of an 
aggregation of cells (Fig. 158), 
and may, in fact, be considered 
as an increased development, 
or hypertrophy, of the ‘ mem- 
brana granulosa’ or epithelial 


Fio. 168. 



Cells fonnin^ the ori^nal substanoe of the Corpus 

lAVtfum. 


lining of the ovisac; many of its cells, however, especially those in 


apposition with the enveloping wall of the follicle, undergo a more 
or less complete transformation into fibres ; and thus a gradual transi- 


tion is established between the cellular substance of the interior of 


the mass, and the fibrous stroma of the Ovarium itself.* In most domestic 
quadrupeds, this growth, which sprouts like a mass of granulations from 


* By some obBervers, as Kolliker, the principal part of the new growth is regarded as 
the result of a hypertrophy of the internal layer of the fibrous membrane of the original 
follicle, which, even before the expulsion of the oTam, becomes loosened in texture and 
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the lining of the ovisac, is often so abundant, if the ovum be impregnated, 
as not only to fill the cavity of the ruptured vesicle, but even to protrude 
from the orifice on the- surface of the ovary; this orifice subsequently 
closes, and the contained growth becomes gradually firmer, its colour 
changing from red to yellow. In the Human female, however, as in the Sow, 
this new formation is at first less abundant; it does not form mammillary 
projections from the interior of the ovisac, but lies as a uniform layer 
upon its lining ; and this is thrown into wrinkles or folds, in consequence 
of the contraction of the ovisac (Fig. 169, a — d). An irregular cavity is 


Fig. 159. 
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Successive stages of the formation of the Corpus Luteum, in the Graafian follicle of the Sow, 
as seen in vertical section at a is shown the state of the follicle immediately after the expul- 
sion of the ovum, its cavity being filled with blood, and no ostensible increase of its epithelial 
lining having yet taken place; at b, a thickening of this lining has become apparent; at c,it 
berfns to present folds which are deepened at d, and the clot of blood is ahaorhed pari passu, 
and at the same time decolorized ; a continuance of the same process, as shown at «,/, g, h, 
forms the Corpus Luteum, with its stellate cicatrix. 

thus at first left in the interior of the ovisac, after the discharge of the 
ovum; but this gradually diminishes, partly in consequence of the 
increased growth of the yellow substance, and partly owing to the general 
contraction of the ovisac, until it is at last nearly obliterated or reduced 
to a sort of stellate cicatrix (c — h). An effusion of blood usually takes 
place into this cavity, in the Human female, at the time of the rupture of 
the ovisac; but the coagulum which is left, takes no share in the forma- 
tion of the yellow body. It generally loses its colouring-matter, and 
acquires the characters of a fibrinous clot ; and this may either form a 
sort of membranous sac lining the cavity, or it may become a solid mass 
occupying the centre of the stellate cicatrix.* 

735. The later part of the history of the Corpus Luteum is greatly in- 
fluenced by the impregnation or non-impregnation of the Ovum whose 
extrusion it has followed. — If conception do not take-place, the corpus 
luteum seldoms attains a size greater than that of a small pea, and is very 
commonly less than this ; and it begins to diminish about the time of the 
next menstruation, its shape, which was at first globular, becoming some- 

augmented in thickness. The fact seems to be, that, as in the case of the Malpighian 
bodies of the Spleen (§ 130, iii.), there is no distinct line of demarcation between the 
fibrout wall and the cellular contenU of the follicle. 

* This process was first accurately described by M. Pouchet, in his Th4orie Positive 
de rOvolation Spontan6e,” 1847. 
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what collapsed and flattened. This diminution is due in the first instance 
to the absorption of part of its contained coagulum, which usually at the 
same time loses part of its colouring-matter ; but oontemporaneouaiy with 
this, there is an increase in the proper yellow substance, which also b^mes 
brighter in colour from the presence of a large quantity of oleaginous 
matter in its cells. Soon, however, the yellow substance becomes softer 
and more friable, showing less distinctly the markings of its convolutions ; 
whilst at the same time it becomes more intimately connected with the 
neighbouring tissues. The central coagulum becomes a faint, whitish, 
stellate cicatrix ; and the yellow substance assumes various irregularities 
of form, and gradually decreases in size. As a general rule, the corpus 
luteum of the non-pregnant female is reduced within six or eight weeks 
to a very insignificant size ; but it may then remain almost unchanged 
for many months ; so that, in the ovaries of females who have menstruated 
regularly, numerous obsolete corpora lutea may be distinguished. — But 
if, on the other hand, the discharged ovum should be fertilized, and preg- 
nancy should supervene, the corpus luteum, instead of reaching its maxi- 
mum of development in three or four weeks and then undergoing 
atrophy, continues to develope itself for a considerable period, and does 
not, in fact, become very decidedly retrograde, until after the termination 
of gestation. This difference relates not only to its size, but also to its 
aspect and general characters. Its size appears to be usually greatest 
between the third and the sixth months of pregnancy; it retains its 
globular or only slightly-flattened form ; and it continues to give to the 
touch a sense of considerable resistance and solidity. The convoluted 
wall of yellow substance becomes much thicker in proportion to the space 
in its interior ; so that whilst in the non-impregnated female its thickness 
never exceeds one-eighth of an inch, and is usually much less, that of the 
pregnant female measiures as much as from three-sixteenths to one-fourth 
of an inch. This substance, moreover, acquires a firmer and more highly 
organized structure; but instead of presenting an increased brightness 
of colour, it fades to a dusky and indefinite hue. As, from the time that 
impregnation takes- place, the periodical activity of the ovary is suspended, 
no new vesicles protrude themselves from its surface until after the com- 
pletion of gestation ; and even those which, at the date of conception, 
happened to be more or less prominent, appear again to recede. Hence, 
if the period of pregnancy bo at all advanced, the corpus luteum is not 
found, like that of menstruation, in company with unruptured vesicles 
in active process of development. After parturition, the corpus luteum 
rapidly diminishes ; though its characteristic structure is stiU to be dis- 
tinguished for many months, by close inspection.* 

73G. The foregoing differences (whose ordinary existence may be con- 
sidered as well-established, although it may not be affirmed that they 
present themselves characteristically in each individual case) are probably 
to be attributed to the increased determination of blood which takes-place 
to the whole Generative apparatus, when it is in a state of exalted 
functional activity. It is a question, however, of much scientific interest, 
and one that occasionally becomes of importance in Juridical investiga- 

♦ See especially the Prize Essay of Dr. J. C. Dalton, ‘On the Corpus Luteum of Men- 
struation and Pregnancy/ in the “ Transact, of the American Medical Aamciation^* for 
1851, and separately reprinted, Philadelphia, 1851 ; and the excellent lectbn on 
‘ Reproduction/ in his “ Human Physiology,” Philadelphia, 1864. 
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tionfl, what degree of resemblance may exist between the corpus lutenm 
which is form^ after the mere extrusion of an ovule, and that which has 
been modified by the supervention of pregnancy. For it is unquestion- 
able that an unusual development of the fibro-cellular substance may 
sometimes occur without impregnation ; whilst, on the other hand, the 
changes which usually follow impregnation may take-place so much less 
characteristically than usual, that the corpus luteum, even at the middle 
period of pregnancy, may be no larger than that which is often found 
where pregnancy has not occurred. These variations, which seem mainly 
to depend upon differences in the degree of vascular excitement of the 
ovaries accompanying and succeeding the extrusion of ova, render it im- 
possible to draw any definite line of demarcation, by which we may at 
once determine what are, and what are not, the results of conception ; but 
the following practical rules, deduced from a consideration of all the cir- 
cumstances yet known, may be laid down for the guidance of those who 
find it desirable to have some standard of judgment: — 1. A Corpus 
Luteum, in its earliest stage (that is, a large vesicle filled with coagulated 
blood, having a ruptured orifice, and a thin layer of yellow matter in its 
walls), affords no proof of impregnation having taken-place. — 2. From 
the presence of a Corpus Luteum, the opening of which is closed, and the 
cavity reduced or obliterated, only a stellate cicatrix remaining, also no 
conclusion as to pregnancy having existed, or fecundation having oc- 
curred can be drawn, if the Corpus Luteum be of small size, not 
containing as much yellow substance as would form a mass the size of 
a small pea. — 3. A similar Corpus Luteum of larger size than a common 
pea, would be strong presumptive evidence, not only of impregnation 
having taken-place, but of pregnancy having existed during several 
weeks at least; and the evidence would approximate more and more 
to complete proof, in proportion as the size of the corpus luteum was 
greater.”* 

737. Since the discharge of matured Ova from the ovaries takes-place 
as independently of sexual intercourse in the Human female (and in the 
Mammalia generally), as it does in those animals whose ova are fertilized 
out of the body, it seems unnecessary that the seminal fluid shopld reach 
the ovarium in order to effect the fertilization of the ova, since this end 
may be answered by the contact of the two in the Fallopian tubes, or even 
in the Uterus itself. From the experiments of Bischoff, however, it ap- 
pears that in rabbits, bitches, and probably in most other Mammalia, 
sexual imion usually takes-place previously to the escape of the ova from 
the ovary, and that sufficient time often elapses for the seminal fluid to reach 
the ovary before their extrusion occurs : in such cases, therefore, it would 
seem probable that fecundation is effected at the ovary itself. That such 
occasionally happens in the Human female, seems to be unequivocally 
proved by the occurrence of tubal or even of ovarian foetation ; the ovum 
having received the fertilizing influence immediately upon quitting the 
ovisac, or even before it has entirely extricated itself from the ovary, and 
having b6en in some way checked in its transit towards the uterus, so that 
its development has taken-place in the spot at which it has been arrested. 
It is affirmed by Bischoff* that by the time the ovum reaches the uterus, 
or even the lower end of the Fallopian tube, its capacity for impregnation 
is lost ; but this assertion chiefly rests on the cessjation of sexual desire 
* See Dr. Baly’s ** Sapplement to Muller's Physiology/* p. 57. 
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dbaorved in those animals in which, after death, the ova were found in 
these situations. There is every reason to believe that this is not the case in 
t&e Human female ; for although the sexual desire may be the strongest about 
the period of the maturation and escape of the ova, yet it is by no means 
wanting at other times ; and the occasional occurrence of cases in which 
impr^^tion has taken-place from a single coitus in the middle of the 
interval between the menstrual periods, shows either that the ovum may 
retain its capacity for impregnation for some time after its escape from the 
ovary, or that its maturation and extrusion are not by any means invariably 
coincident with the menstrual period.^ — The ova, when set-free from the 
ovaries by the rupture of the ovisacs and the giving- way of their several 
envelopes, and surrounded by the cells of the membrana granulosa, are 
received by the fimbriated extremities of the Fallopian tubes, which, 
during the period of sexual excitement, appear to be closely applied to the 
surface of the ovaries. Their conveyance along the Fallopian tubes is pro- 
bably due in part to the peristaltic movement of their walls, and in part 
to the action of the cilia which clothe their internal surface. 

738. The object of the changes which have been already described, is 
to bring the Ovum within the reach of the fecundating influence, and to 
convey it into the uterus after it has been fertilized : we have now to 
consider the changes of the Ovum itself, which take-place during the 
same epoch. — At about the same period that the ovum moves towards 
the periphery of the Graafian follicle, the germinal vesicle moves towards 
the periphery of the yolk ; and it always takes-up its position at the pre- 
cise point of the zona pellucida which is nearest the ovisac, and which is 
closest, therefore, to the surface of the ovary. Moreover, the germinal 
spot is always on that part of the germinal vesicle, which is in closest 
contact witli the zona pellucida. Thus, the germinal spot is very near 
the exterior of the ovary ; but it is separated from the peritoneal coat of 
the latter, by a thin layer of its stroma forming the external wall of the 
Graafian follicle, by the ovisac forming its internal membrane, and by the 
zona pellucida. As soon as these give-way, there is nothing to prevent 
the spermatozoa from coming into direct contact with the ovum, even 
before it quits the ovisac. That such contact is an essential condition of 
fecundation, there is every reason to believe ; although, as to the precise 
manner in which it operates, we are at present in the dark. There can 
be no doubt that it is in the contact of the spermatozoa with the ovum 
(§ 722), and in the changes which occur as the immediate consequence of 
that contact, that the act of Fecundation essentially consists. The most 
recent observations of the late Mr. Newport upon the process of impreg- 
nation of the Frog (some of which the Author, through the kindness of 
Mr. N., had the opportunity of verifying) showed that the spermatozoa 
become imbedded in the gelatinous envelope of the ovum, within a few 

* See a case of this kind recorded by Pr. Oldham in the Medical Gazette,” July 1 3, 
1849.— Instances are certainly not nnfrequent, in which conception has taken-place five or 
six days after the conclusion of the menstrual period ; the Author has himself known one 
in which this occurred, after the menstrual flow itself had persisted for a week. It has 
been urged that the known fertility of Jewish females, who abstain from sexual inter- 
course for eight days, or even thirteen days, after the termination of the catamenia, is 
opposed to the idea that the menstrual period is that of * heat f but there is reason to 
believe that this is to be accounted-for in another way, — namely, by the usual oocun’ence 
of conception from intercourse immediately before file access of the catamenia. (Bee 
Mr. Oirdwood, in the “Lancet,” Pec. 14, 1844.) 
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Heoonds after they come into contact with it; and that they then absolutely 
pass through the vitelline membrane, into the interior of the Ovum,* 
where they probably undergo a gradu^ diffluence ; and thus the product 
of the ^ sperm-cell ’ may be absorbed into the ^ germ-cell,’ and may inter- 
mingle with its contents, the Spermatozoon being nothing else than an 
embodiment of the fertilizing material developed wiiMn the sperm-cell, 
which is endowed with a temporary power of movement in order that it 
may find its way to the Ovum. — In the Osseous Fishes it has been shown 
by Dr. Ransome that the Spermatozoa pass-through a minute opening in 
the external membrane of the ova, termed the micropyle. A similar 
opening has been observed by Muller and others in Insects, Acephalous 
Mollusks, and in several Echinodermata ; and its use, as Dr. Allen Thom- 
son has suggested, is probably to facilitate the fecundation of ova possessed 
of very thick external coverings. A micropyle has not been seen in any of 
the Mammalia, though the point has been closely investigated by Reichert in 
the Guinea Pig. It has been remarked by Mr. Newport, that Spermatozoa 
whose spontaneous motility has ceased, no longer possess the fecundating 
power ; and this fact concurs with other phenomena to indicate, that it is not 
only a certain material, but a vital force of which that material is (so to 
speak) the vehicle, which is required to effect this most important operation. 

739. The precise share which the Germinal Vesicle performs in the 
changes which take-place in the ovum about the period of fecundation, 
has not yet been satisfactorily determined. According to Dr. Barry (loc. 
cit.), the germinal vesicle becomes filled with a new development of cells, 
which sprout, as it were, from its nucleus (the germinal spot) ; and after 
fecundation, a pair of cells is seen in the space previously occupied by the 
pellucid centre of the nucleus, which is developed at the expense of the 
rest, and is the true foundation of the embryonic structure. This view 
is to a certain extent confirmed by the observations of Wagner on the ova 
both of Frogs and Mammalia, and by those of Vogt on those of the Rana 
ohstetricans ; both of which lead to the belief that such a process of cell- 
formation does take-place within the germinal vesicle, but that, instead 
of the further development being carried-on within the germinal vesicle, 
as maintained by Dr. Barry, this ruptures and sets-free the cells that had 
been developed in its interior, which are now dispersed through the yolk, 
whose ulterior changes take-place under their influence. Mr. Newport’s 
view is nearly the same as this ; and he states that, in the Frog, this 
dissolution of the germinal vesicle and diffusion of its contents take-place 
as a preparation for fecundation, and not in consequence of it.f That the 
germinal vesicle is no longer to be seen when the metamorphoses of the 
yolk have commenced, is now universally admitted ; but with regard to 
the antecedent process just described, there is still a want of accordance 
amongst Embryologists, its existence being altogether denied by Bischoff, 
who maintains that the germinal vesicle simply dissolves-away shortly 

* ‘‘Philos. Transact.,” 1863, pp. 266-281. — Prof. Bischoff, the highest authority on 
this subject, who had disputed the validity of all previous observations on the penetra* 
tion of the Spermatozoa into the interior of the Ovum, fully confirmed those of Mr. 
Newport ; whiJse lamented death pi'evented him from enjoying the satisfaction which 
this testimony to his accuracy would have afforded him. — See also Br. Barry, in 
“ Philos. Transact.,” 1840, p. 688 ; and Dr. Ransome, in “ Proceed, of Roy. 

Nov. 23, 1864. 

t “Philos. Transact.,” 1861, p. 178. 
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after coition. The Author is strongly inclined to believe, however, from 
his own observations, as well as from a priori considerations based on the 
history of Vegetable fertilization, that there is a development of cells 
within the germinal vesicle, at the time of its maturation ; ’ and that It is 
by the influence of the spermatic fluid upon one of these cells, after it has 
been set-free in the midst of the yolk by the rupture or diflluence of the 
germinal vesicle, that the first cell of the embryonic fabric is generated.^ 

740. Having thus noticed the principal points of the history of the 
development and impregnation of the Ovum, we shall proceed to consider 
the provisions made for the Nutrition of the Embryo, through the Gene- 
rative apparatus of its female Parent, up to the time of parturition ; 
deferring the history of its own Development for that separate considera- 
tion which the importance of this subject demands (Sect. 4). — About the 
time that the ovum is leaving the ovary, the cells of the proligerous disk 
which immediately surrounds the zona pellucida become club-shaped ; 
their small ends being applied to the surface of the ovum, so as to give 
it somewhat of a stoUate appearance. According to Bischoff, these cells 
entirely disappear from the ovum of the Rabbit as soon as it has entered 
the Fallopian tube : whilst in the Bitch they become round, and continue 
to invest the ovum in this form throughout its whole transit to the uterus. 
During its passage, the ovum acquires a sort of gelatinous envelope, 
which is enclosed in a membrane of fibrous texture, termed the Chorion, 
This envelope is probably of an albuminous nature in reality, correspond- 
ing with the ^ white’ of the Bird’s egg ; whilst the fibrous texture of the 
chorion seems to be produced, like the membranous basis of the egg-shell 
of the bird, by the exudation of fibrin from the lining membrane of 
the Fallopian tube or oviduct. The outer layer of this envelope, in 
the egg of the Bird, is consolidated by the deposition of particles of 
carbonate of lime in its areolae ; and none of it undergoes any further 
organization. The Chorion of the Mammal, on the other hand, is 
destined to undergo changes of a much higher order, which adapt it for 
paPrticipating to a most important degree in the nutrition of the included 
embryo. The first of these changes consists in the extension of the 
cellular surface of the membrane into a number of viUous prolongations, 
which give it a spongy or shaggy appearance (Fig. 163) ; these serve as 
absorbing radicles, and form the channel through which the embryo is 
nourished by the fluids of the parent, until a more perfect communication 
is formed by the subsequent extension of vessels into them. 

741. We have now to speak of the changes in the Uterus which take- 
place in consequence of Conception, and which prepare it to receive the 
ovum. Of these the most important is the formation of the Membrana 
Decidua^ so called from its being cast-off at each parturition. This mem- 
brane has been usually supposed to be a new formation ; and has been 
described as originating in coagulable lymph thrown-out on the inner 
surface of the uterus, into which vessels are prolonged from the subjacent 
substance. It appears, however, from the researches of Profrs. Sharpey 
and Weber,f that this is not the true account of it; and that the 

* See Huxley on * Development of Pyrosoma,* in ** Linn. Trans.,** vol. xxiii. p. 227 ; 
and “Ann. Nat. Hist.,** Ser. 3, vol. v. pp. 29-36. 

i* Muller’s “Elements of Physiology,’* pp. 1574-1580. See also the article ‘Uterus 
and its Appendages,* by Dr. A. Farre, in “Cyclop, of Anat. and Physiology,** supple- 
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Doddim Tera is reallj composed of the inner portion of the Mucous mem- 
brane itself, which undergoes a considerable ^ange in its character. The 
Uterus is lined by columnar ciliated epithelium, which according to 
Robin* is partly exchanged during the progress of pregnancy for the 
tesselated variety and partly desquamates; it presents also on its free surface 
a tubular structure (Figs. 160, 161); not very unlike that which has 


Fio. 160. Fia. 161. 



Fig. 160. Section of the Lining Membrane qfa Mtmcm Uterus at the period of commencing 
pregnancy, twice the natural size; showing the arrangement and other peculiarities of the 
glands, d, dt d, with their orifices, a, <z, a, on the internal surface of the organ. 

Fig. 161. A portion of Fig. 100 more enlarged, showing the convoluted extremities of the 
tabular glanduls. 


been described as existing in the lining membrane of the stomach (§ 81). 
This tubular portion becomes thickened and increased in vascularity, 
within a short time after conception ; and when the inner surface of a 
newly-impregnated Uterus is examined with a low magnifying power, 
the orifices of its tubes are very distinctly seen, being lined with a white 
epithelium. The blood-vessels form a very minute network, which 
extends in loops from the subjacent portion of the membrane. Accord- 
ing to the observations of Prof. Goodsirf and Schroeder v. der Kolk, the 
interfollicular spaces are crowded with fat molecules and nucleated par- 
ticles ; and it is to the development of this interfollicular substance, as 

mentary volume, p. 655 ; and the Lectures of Dr. Priestley 'On the Oravid Uterus,’ in 
the *'Med. Times and Gazette,” 1858, vol. ii. 

* Brown-S5quard's “Journal dela Physiologie,” vol. i. 1858, p. 60. 

t “ Anatomical and Physiological Observations,’* chap. ix. 
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well aa jbo the enlargement of the follicles tliemselves, and the copious 
development of epithelial cells in their interior, that the mucous mem- 
brane in this condition owes its increased thickness. This increased 
development appears to have reference in part to the temporary nutrition 
of the Ovum, and in part to the further evolution of the decidual sub- 
stance itself in the formation of the Placenta. The cavity of the Uterus 
shortly becomes filled with a fluid, evidently poured-out from the fol- 
licles in its walls, and containing a large nmnber of nucleated cells ; and 
in this the villi of the chorion imbed themselves, obviously for tlie pur- 
pose of deriving from it the materials required for the development of the 
embryonic structures. These villi are easily traced in the Bitch (as 
Dr. Sharpey first pointed -out) into the mouths of the uterine glanduloe, 
some of which are composite in their structure, a single outlet being 
common to a number of follicles ; but tliey have not yet been so traced 
in the Human subject. 

742. The Deciduous membrane is found at a later period to consist 
of two layers : the Decidua vera lining the uterus, and the Decidua 
rejlexa covering the exterior of the ovum. Regarding the origin of this 
second layer, there has been a good deal of difference of opinion. The 
doctrine first propounded by Dr. W. Hunter, which is indicated by the 
name he bestowed upon the membrane, was that the ‘decidua reflexa’ is 
a portion of the true decidua, which has been pushed before the ovum at 
its entrance into the uterus ; it being supposed tliat the true decidua 
forms a completely closed sac (like that of a serous membrane), against 
the outside of which the ovum is applied, so that it comes to be in- 
vested by a double layer of it, as the heart is by the pericardium, or the 
lungs by the pleura. But this view is negatived by a number of consi- 
derations. For, in the first place, the original decidua does not form the 
closed sac which this supposition involves, but extends (like the mucous 
membrane of which it is a metamorphosed form) into the Fallopian 
tubes ; and the ovum, at its entrance into the uterus, really lies upon its 
internal surface. But again, the texture of the two layers is very dif- 
ferent ,' for, as was first pointed-out by Prof. Goodsir (loc. cit.), the de- 
cidua reflexa is almost entirely composed of cells, exhibiting few or none 
of the orifices of the glandular follicles -which are characteristic of the 
decidua vera, except near the 

part where the two layers are Fig. 162. 

continuous. Ramifying on its 
surface are numerous flat ves- 
sels, described by Dr. A. Farre 
as venous channels, which with 
their minute subdivisions give 
a pink tinge to the whole surface. 

According to the observations of 
M. Coste and Dr. Arthur Farre, 



however, there is a considerable 
resemblance between the two 


First stage of the formation of the Beadua r^xa 
around the Ovum. 


layers at an early period ; and 

they consider the following to be the mode in which the second investment 
is formed : — When the ovum enters the uterus, it becomes partially imbedded 
in the substance of the decidua, which is as yet quite soft (Fig. 162); and this, 

3 D 
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recemng an increased nutrition at the part with which the ovum comes 
into contact, grows-up around it, very much after the manner in which 

the fleshy granulations grow 
Fio. 163. up around the pea imbedded in 



a caustic issue. This extension 
of the decidual substance con- 
tinues (Fig. 163), until it has 
completely enveloJ)ed the ovum ; 
and it is thus, according to 
them, that the decidua reflexa 
is formed, in continuity with the 
decidua vera.’’^ As the ovum 
increases in size, the cavity 
between the decidua vera and 


More advanced stage of ihie decidua refexa, or, as it is 

sometimes termed, the uterine 


chamber, gradually diminishes, and by the end of the thiid month either 
the two layers come into contact and are henceforth indistinguishable — 
the whole cavity of the uterus being occupied by the fcetal chamber — or, 
as Dr. Farre suggests, the decidua reflexa may, after first becoming ex- 
tremely attenuated, ultimately entirely vanish. 

743. The surface of the Ovum, thus surrounded by the double layer 

of the deciduous menbrane, and 
Fia. 164. during the first three o* four weeks 



lying loose in the foetal chamber, is 
rendered shaggy by th( growth of 
villous tufts from the sirface of its 
investing Chorion (Fig. ^-b4), by 
which it begins to be attiichel to the 
walls that surround it. Ea?h of 
these tufts, as was first pointea-out 
by Prof. Goodsir (loc. cit.), is cc-n- 
posed of an assemblage of nucleate! 
cells, which are found in various 
stages of development ; and "bese are 
always enclosed within a .ayer of 
basement-membrane, which seems 
to be itself composed of fli'ttened 
cells united by their edges. At the 
free extremity of each villus v*- a 
bulbous expansion, the cells com- 


Entire Kvmm Ovum of 8th week, sixteen linos 
in length (not reckoning the tufts) ; the surface 
of the Chorion partly smooth, and partly ren- 
dered shaggy by the growth of tufts. 


posing which are arranged round 
a central spot; and it is at this 
point that the most active pro- 


cesses of growth take-place, the villus 
elongating by the development of new cells from its germinal spot, and 


* This doctrine was first announced by M. Coste, in a communication to the Parisian 
Academy of Sciences, on the basis of observations on two Uteri at the 20th and 26th 
days of gestation, (See “Comptes Rendus,” Mai 24, 1847.) It seems to be that which 
is altogether most in harmony with observed facts ; and especially with those noticed by 
Professors Sharpey and Weber. — See, also, the Memoir of M. Robin, on the Mooons 
Membrane of the Uterus, in the ** Archiv, Gf6n. de M6d.,” 4e S6r., tom. xvii. xviii. 
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(like tiie spongiole of the plant) drawing-in nutriment from the soil in 
which it is imbedded. — In its earliest grade of development, the chorion 
and its villi contain no vessels ; and the fluid drawn-in by the tufts is 
communicated to the embryo by the absorbing powers of the germinal 
membrane of the latter. But when the tufts are penetrated by blood- 
vessels, and their communication with the embryo becomes more direct, 
the means by which they communicate with the parent are found to be 
still essentially the same ; 

namely, a double layer of Fm. 165. 

nucleated cells, one layer be- 
longing to the foetal tuft, and 
the other to the vascular 
maternal surface. It is from 
these elements that the Pla- 
centa is formed. 

744. The first stage in 
this process consists in tlie ex- 
tension of the Foetal vessels 



into the villi of the Chorion 
over its entire surface, in 
the manner hereafter to 
be detailed ; so that the 
nutriment which these villi 
imbibe, instead of being 
merely added to the albu- 
minous fluid surrounding the 
yolk-bag, is now conveyed 
directly to the embryo. This 
— the earliest and simplest 
mode by which the Foetus 
effects a new connection with 
the parent — is the only one 
in which it ever takes-place 
in the lower Mammalia, 
which are hence properly 
designated as ^ non-placental,’ 
rather than as ovo-viviparous. 
In the higher Mammalia, 
however, there soon occurs a 
great extension of the vas- 
cular tufts of the foetal cho- 
rion, at certain points ; and 
a corresponding adaptation, 
on the part of the uterine 
structure, to afford them an 
increased supply of nutritious 
fluid. These specially pro- 
longed portions are scattered, 
in the Kuminantia and some 


Portion of the ultimate ramifications of the Umbilical 
vessels, forming the Foetal Vilh qf the PUicenta. 


Fio. 166. 



Portion of one of the Foetal VilU, about to form part 
of the Placenta, highly magnified:— a, a, its cellular cover- 
ing ; &, b, bf its looped vessels ; c, c, its basis of connective 
tissue. 


other Mammalia, over the whole surface of the chorion, forming 


what are termed the ‘cotyledons;’ but in the higher orders, and in 


3d2 
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Man, they are concentrated in one spot, forming the Placenta. In 
8ome of the lower tribes the maternal and the fcetal portions of the 
placenta may be very easily separated; the former consisting of the 
thickened Decidua, and the latter being composed of the prolonged and 
ramifying muscular tufts of the Chorion, dipping-down into it. But in 
the Human placenta, the two elements are mingled together through its 
whole substoce. — On looking at the foetal surface of the Human placenta, 
we perceive that the umbilical vessels diverge in every direction from the 
point at which they enter it ; and their subdivisions form a large mass of 
capillaries, arranged in a peculiar manner (Figs. 165, 166), and consti- 
tuting what are known as the foetal villi. Each villus contains one or 
more capillary loops, communicating with an artery on one side, and with 
a vein on the other ; but the same capillary may pass into several villi, 
before re-entering a larger vessel. The capillaries of the villi are covered, 
as in the chorion, by a layer of cells (Fig. 1 66, a, a, Fig. 167, /), inclosed 

in basement-membrane (e) ; but the 
foetal tuft thus formed is inclosed in a 
second series of envelopes (Fig. 167, «, 
5, c), derived from the maternal portion 
of the placenta, — a space {d) being left,* 
however, between the two, at the extre- 
mity of the tuft. 

745. Whilst the foetal portion of the 
Placenta is thus being generated by the 
extension of the vascular tufts of the 
Chorion, the maternal portion is formed 
by the enlargement of the vessels of the 
Decidua, between which they dip-down. 
“ These vessels assume the character of 
sinuses ; and at last swell-out (so to 
speak) around and between the villi ; so 
that finally the villi are completely bound- 
up or covered by the membrane which 
constitutes the walls of the vessels, this 
membrane following the contour of all the villi, and even passing to a 
certain extent over the branches and stems of the tufts. Between this 
membrane, or wall of the enlarged decidual vessels, and the internal mem- 
brane of the villi, there still remains a layer of the cells of the decidua.”* 
In this manner is formed the maternal portion of the placenta, which 
may be regarded in its adult state (as was well pointed-out by Dr. J. 
Reidj*) in the light of a large sac formed by a prolongation of the inner 
coat of the uterine vessels; against the foetal surface of which sac 
the tufts just described may be said to push themselves, so as to 
dip-down into it, carrying before them a portion of its thin wall, 
which constitutes a sheath to each tuft. Now as every extension 
of the uterine vessels carries the decidua before it, every one of the 
vascular tufls that dips-down into it will be covered with a layer of the 
cellular structure of the latter ; and the foetal portion of each tuft will 

* Prof. Goodsir’s “Anatomical and Pathological Observations,” p. 60. 
t“Bdinb. Med. and Snrg. Joum.,” Jan. 1841 ; and “Anat, Phys., and Pathol. 
Itesearches,” chap. viiL 


Fig. 167. 



Extremity of a Placental Viltus o, ex- 
ternal membrane of the villus, continuous 
with the lining membrane of the vascular 
system of the mother ; 6, external cells of 
the villus, belonging to the placental de- 
cidua : c. Of germind centres of the exter- 
nal cells ; rf, the space between the mater- 
nal and ratal portions of the villus ; e, the 
Internal membrane of the villus, continu- 
ous with the external membrane of the 
chorion ; y, the internal cells oi the villus, 
belonging to the chorion ; the loop of 
umbilical vessels. 
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thus be inclosed in a layer of maternal cells and basement-membrane 
(Fig. 167, a, by c). Dr. A. Parre is, however, of opinion that the maternal 
vascular walls are not continued into the sinuses of the placenta. He 
believes the blood in the interior of the placenta to be as much external to 
the maternal vascular system as it is while passing through a quill inserted 
between the divided ends of a vein in the living animal.* However this 
may be, the whole interior of the Placental cavity becomes (Fig. 168) 

Fia. 168. 



Section of a portion of a ftilly-forraed Placenta^ with the part of the Uterus to which it 
18 attached —a, umbilical cord , b, b, section of uterus, showinpr the venous sinuses ; c, c, c, 
branches of the umbihcal vessels , d, d, curling arteries of the uterus. 

intersected by numerous tufts of foetal vessels disposed in fringes, and 
bound-down by reflexions of the delicate membrane that forms its proper 

Fig. 169. 



Diagram of the structure of the Placenta —showing, a, the substance of the uterus ; 6, the 
cavity of a sinus ; c, curling arteries ; d, d, the decidual lining of the uterus ; e, e, the foetal 
tufts dippmg'down mto this. 


wall ; just as the intestines are held in their places by the reflexions of 

* Loc. cit. p. 722. 
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the peritoneum that covers them. This view was suggested to Dr. Reid 
by the very interesting fact, that the tufts of foetal vessels not unfrequently 
extend beyond the uterine surface of the placenta, and dip-down into the 
uterine sinuses (Fig. 169) ; where they are still covered and held in their 
places by reflexions of the same membrane. All the bands which connect 
and tie-down the tufts are formed of the same elements as the envelopes 
of the tufts themselves ; namely, a fold of the lining membrane of the 
decidual sinuses, and a layer of the cellular decidua. 

746. The Maternal blood is conveyed into the Placental cavity by the 
‘ curling arteries’ of the uterus (Fig. 168, c?. Fig. 169, c) ; and is received- 
back from it into the large veins that are commonly designated as sinuses 
(Figs. 168, 169, 6, b). The foetal vessels (Fig. 168, c, c. Fig. 169, e, e) 
being bathed in this blood, as the branchiae of aquatic animals are in the 
water that surrounds them, not only enable the foetal blood to exchange 
its venous character for the arterial, by parting with its carbonic acid to 
the maternal blood, and receiving oxygen from it ; but they also serve 
as rootlets, by which certain nutritious elements of the maternal blood 
(probably those composing the liquor sanguinis) are taken into the system 
of the foetus. In this, they closely correspond with the villi of the intes- 
tinal canal ; and there is this further very striking analogy, — that the 
nutrient material is selected and prepared by two sets of cells, one of 
which (the maternal) transmits it to the other (the foetal), in the same 
manner as the epithelial cells of the intestinal villi seem to take-up and 
prepare the nutrient matter, which is destined to be still farther assimi- 
lated by the cells that float in the circulating current (§ 107). It is 
probable, too, that the Placenta is to be regarded as an excreting organ ; 
serving for the removal, through the maternal blood, of excrementitious 
matter whose continued circulation through the blood of the foetus would 
be prejudicial to the latter. And it will be in this mode that the blood 
of the mother may become impregnated with substances, or impressed 
with attributes, originally belonging to the male parent ; so as to impart 
these to the products of subsequent conceptions by a different father 
(§ 759).* There is no more direct communication between the mother 
and foetus than that which is afforded by this immersion of the foetal tufts 
in the maternal blood ; all the observations which have been sujiposed 
to prove the existence of real vascular continuity, having been falsified 
by the extravasation of fluid, probably consequent upon the force used in 
injecting the vessels. Moreover, the different size of the blood-corpuscles 
in the foetus and in the parent (§ 156) shows the non-existence of any 
such communication. 

747. The formation of the Placenta, in the manner just described, 
commences in the latter part of the second month ; during the third, 
the organ acquires its proper character; and it subsequently goes-on 
increasing, in accordance with the growth of the Ovum. Towards the 
end of the term of gestation, however, it becomes more dense and less 
vascular; owing, it would seem, to the obliteration of several of the 
minuter vessels, which are converted into hard fibrous filaments. The 

* See, for yarious proofs that the mother may be poisoned through the presence of 
noxious substances in the blood of the fcetus, the Essay by Mr. Savory, entitled “An 
Experimental Inquiry into the Effect upon the Mother of Poisoning the Fcetus,” 
London, 1858 . 



FORMATION OF THE PLACENTA. 


775 


vessek of the Uterus undergo great enlargement throughout, but espe- 
cially at the part to which the placenta is attached ; and the blood in 
moving through them produces a peculiar murmur, which is usually 
distinctly audible at an early period of pregnancy, and may be regarded 
(when due care is taken to avoid sources of fallacy), as one of its most 
unequivocal positive signs. The ‘ placental bruit’ is thus described by 
Dr. Montgomery The characters of this phenomenon are, a low 
murmuring or somewhat cooing sound, resembling that made by blowing 
gently over the lip of a wide-mouthed phial, and accompanied by a 
slight rushing noise, but without any sensation of impulse. The soirnd 
is, in its return, exactly synchronous with the pulse of the mother at the 
time of examination ; and varies in the frequency of its repetitions, with 
any accidental variation which may occur in the maternal circulation. 
Its situation does not vary during the course of the same pregnancy ; but 
in whatever region of the uterus it is first heard, it will in future be found, 
if recognized at all, — for it is liable to intermissions, — at least, we shall 
occasionally be unable to hear it where we have already heard it a short 
time before, and where we shall shortly again recognize it. According to 
my experience, it will be most frequently heard about the situation of the 
Fallopian tube of the right side ; but it may be detected in any of the 
lateral or anterior parts of the uterus.” That the cause of this sound 
exists in the Uterus itself, is distinctly proved by the fact, that it has been 
heard when that organ was so completely anUverteiJ^ that the fundus 
hung-down between the patient’s thighs. A sound so much resembling 
this as to be scarcely distinguishable from it, may be occasioned, however, 
by a cause of a very different nature, — namely, an abdominal tumour, 
pressing upon the aorta, *iliac arteries, or enlarged vessels of its own ; and, 
in doubtful cases, it is necessary to give full weight to the possibility of 
such an explanation. The sound may be imitated at any time, by pressing 
the stethoscope on the iliac arteries. The placental bruit has been not 
unfrequently heard in the eleventh week ; but it cannot generally be detected 
before the fourth month, when the fundus uteri rises above the anterior 
wall of the pelvis. 

748. The increase in the size of the Uterus, which takes-place 
'passu with the enlargement of the ovum, is accompanied with a remark- 
able augmentation in the amount of its substance. Up to about the fifth 
or sixth month, not only its cavity, but the thickness of its walls, is pro- 
gressively added-to ; from that time to the end of gestation, the thickness 
of the walls diminishes whilst the cavity increases, but not in an equal 
proportion ; and at the conclusion of parturition, its solid bulk is estimated 
at about twenty-four times that of the imhnpregnated Uterus. The 
augmented volume of the organ is chiefly due to the increased develop- 
ment of its Muscular coat, which is composed of the fusiform cells with 
staff-shaped nuclei, that make-up the ‘ non-striated’ muscular fibre else- 
where. According to Prof. Kdlliker, a vast amount of new fibres are 
generated during the early months of pregnancy ; but there is at the 
same time an extraordinary increase in the size of those previously formed, 
their length being multiplied from seven to eleven times, and their width 
from twice to five«tiraes. After the sixth month the origination of new 
muscular fibres seems to cease, but the augmentation in the size of those 
* ** Signs of Pregnancy,” p. 121. 
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already generated seems to continue. The connective tissue which unites 
the muscular fibres also increases during pregnancy, and becomes more 
distinctly fibrous.* It has been affirmed that the Nervous substance of 
the Uterus also undergoes a great augmentation during pregnancy ; but 
of this no sufficient evidence has yet been adduced. Simultaneously with 
the enlargement of the uterus, the Mammary Gland and its appendages 
undergo a fuller development ; and from this a valuable, but not unequi- 
vocal, indication of pregnancy may be drawn. Occasional shooting pains 
in the Mammae are not unffiequently experienced within a short period 
after conception ; and more continued tenderness is also not unusual. A 
sense of distension is very commonly experienced at about the end of the 
second month ; and from that time a distinct ‘ knottiness’ usually begins 
to present itself, increasing with the advance of pregnancy. In many 
instances, however, these mammary sympathies are entirely absent ; and 
they may be simulated by changes that take-place in consequence of 
various affections of the uterus. A change of colour in the areola is a 
very common, but not an invariable, occurrence in the early months of 
pregnancy ; but another sign is afforded by the areola and nipple, which 
is of more value because more constant, — namely, a puffy turgescence, 
and an increased development of the little glandute follicles, or tubercles, 
which commonly secrete a dewy moisture. — Many other changes in the 
constitution occur during pregnancy ; indicated by the buffiness of the 
blood, the irritability of the stomach, and the increased excitability of 
the mind. All these, however, are discussed with sufficient amplification, 
in works on Obstetric Medicine. 

749. The act of Conception, being one of a purely organic nature, is 
not itself productive of any sensation on the part of the mother ; but 
there are some women in whom it is attended with certain sympathetic 
affections, such as faintness, vertigo, &c., that enable them to fix upon 
the particular time at which it has taken place. From that period, how- 
ever, the mother has no direct consciousness of the change going-on in 
the uterus (save by the effects of its increasing pressure on other parts), 
until the occurrence of what is termed ‘ quickening.’ This is generally 
described as a kind of fluttering movement, attended with some degree 
of syncope or vertigo. After it has once occurred, and has strongly ex- 
cited attention, it is occasionally renewed once or twice, and then gives 
place to the ordinary movements of the foetus. Not unfrequently, how- 
ever, no movement whatever is felt, until near the end of the term of 
gestation, or even through the whole of it. As to the cause of the sen- 
sation, Obstetricians are much divided ; and no satisfactory account has 
been given of it. It has been vulgarly supposed to be due to the first 
movement of the foetus, which was imagined then to become possessed of 
an independent life ; and the English law recognizes the truth of this 
doctrine, in varying the punishment of an attempt to procure A*bortion, 
according to whether the woman be ‘ quick with child ’ or not ; and in 
delaying execution when a woman can be proved to be so, though it is 
made to proceed if she is not, even if she be unquestionably pregnant. 
Whether or not the first sensible motions of the foetus are the cause of the 
peculiar feeling in question, there can be no doubt that the embryo has 

* See Eolliker*s Manual of Human Histology*’ (Sydenham Society’s Ed.), vol. ii. 
pp. 258, 259. 
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as much independent vitality before, as after, the quickening. From 
the time that the ovum quite the ovary, it ceases to be a part of the 
parent, and is dependent on it only for a due supply of nourishment, 
which it converts by its own inherent powers, into its proper fabric. 
But this dependence cannot be said to cease at the moment of quick- 
ening; for the connection must be prolonged during several weeks, 
before the foetus becomes capable of sustaining life without such assist- 
ance. The earliest period at which this may occur, will be presently 
considered (§ 754). 

750. At the conclusion of about forty weeks, or (less correctly) nine 
solar months,* from tlie period of conception, the time of Parturition 
arrives. In this act, the muscular walls of the Uterus are primarily 
concerned ; for a kind of peristaltic contraction takes-place in them, the 
tendency of which is to press the contents of the cavity from the fimdus 
towards the os uteri, and finally to expel them ; and this contraction is 
alone sufficient to empty the uterus, when no impediment is presented to 
the exit of the foetus, as we see in the occasional occurrence of post- 
mortem parturition. It is, in fact, in the contraction of the fibres of the 
fundus and body of the uterus, and in a relaxation of those about the 
cervix (which relaxation is something quite different from a mere yield- 
ing to pressure, and is obviously a vital phenomenon that marks a pecu- 
liarity in the actions of this part), that the first stage of an ordinary 
labour essentially consists. f There is no proof whatever that these 
changes are dependent upon nervous influence ; in fact, there is much 
evidence that the parturient action of the uterus is not the result (as 
some have maintained it to be) of a ‘ reflex’ action of the Spinal Cord, 
but is due to its inherent contractility ; lor numerous instances have 
occurred in which normal parturition has taken-place, notwithstanding 
the destruction of the lower part of the Cord, or the existence of a state 
of complete paraplegia wffiich marked its functional inactivity ; and the 
continuance of the peristaltic action for some time after somatic death, 
when neither the Cerebro-spinal nor the Sympathetic system can afford 
any supply of nervous power, is a yet morfl# satisfactory proof of the 
same position. — Nevertheless, it seems quite certain that muscular con- 
tractions of the Uterus ma// he induced by reflex action ; for in no other 
way can we account for numerous phenomena, which distinctly mark 
the operation of remote causes acting tlirough the nervous system ; such 
as the induction of uterine contractions by the dash of cold water on the 
abdominal surface, by the injection of cold water into the vagina, by the 
ingestion of cold water into the stomach, or even by dipping the hands 

* Although ‘ nine montha’ is usually spoken-of as the term of Gestation, yet the real 
term of forty weeks exceeds this by from five to seven days, according to the months 
included. The mode of reckoning customary among women, is to date from the middle 
of the month after the last appearance of the Catamenia ; but it is certain that Concep- 
tion is much more likely to take-place soon after they have ceased to flow, or even just 
before their access, than in the intervening period (§ 731) ; so that, in most instances, 
it would be most correct to expect labour at forty weeks and a few days after the last 
recurrence of the Menses. — The period of Quickening may be relied-on in some women, 
in whom it occurs with great regularity in a certain week of pregnancy ; but in general 
there is great latitude as to the time of its occurrence. The usu^ or average time seems 
to be about the 18th week of gestation. 

t See a paper corroborating this statement, by Arthur Scott Donkin, M.D., in **£dinb. 
Med. Journal,” vol ii. 1863, p. 623. 
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into cold water, or again by the suctorial application of the infant’s lips 
to the nipple, by the introduction of the hand into the vagina, by violent 
movements of other parts of the body, and by various other means. 
This general fact has an important practical bearing; since there are 
various occasions on which it is most important to life that the pre- 
viously-flaccid uterus should be excited to vigorous contraction, for the 
sake of accelerating parturition or of suppressing haemorrhage ; whilst, 
on the other hand, it is often no less important to be able to prevent or 
to antagonize the operation of causes which would prematurely induce 
uterine contractions, to the destruction of the offspring and the danger of 
the mother. 

751. When, in the normal act of Parturition, the head has so far made 
its way through the os uteri as to begin to distend the lower part of the 
genital canal, a new kind of expulsive effort is superadded to that of the 
Uterus itself ; the assistance of the Expiratory muscles being then called 
in (§ 495), through the intermediation of the Spinal Cord, which is pro- 
bably excited to this action by the stimulus thus applied to the afferent 
nerves of the compressed parts ; and it is chiefly by the instrumentality 
of these muscles that the normal act of parturition is usually completed. 
The same action which expels the fcetus, generally also detaches the 
placenta ; and if the uterus contract with sufficient force after this has 
been thrown-off, the orifices of the vessels which communicate with it 
are so effectually closed, that little or no haemorrhage takes-place. If, 
however, the uterus does not contract, or relaxes after having contracted, 
a large amount of blood may be lost in a short time from the open orifices. 
For some little time after parturition, a sero-sanguineous discharge, 
termed the lochia^ is poured-out from the uterus ; and this commonly 
contains shreds of the deciduous membrane which had not been pre- 
viously detached, together with a quantity of fat-globules, and other pro- 
ducts of disintegration of the uterine tissue (§ 333).* Within a few 
weeks after delivery, the uterus regains (at least in a healthy subject) its 
previous condition ; part of its newly-generated muscular fibres seem to 
disappear altogether, whilst the others shrink to their ordinary dimensions; 
and the portion of its mucous membrane which had been thrown-off 
as Decidua, seems to be to some extent reproduced, according to the 
researches of Dr. Matthews Duncan and M. Kobin, even before delivery 
occurs, so that the muscular tissue of the Uterus is never left completely 
denuded. ‘I* 

752. As to the reason why the period of Parturition should be just 
forty weeks after the occurrence of Conception, we know nothing more 
than we do of that of similar periodical phenomena in the history of the 
life of Man and of other living beings ; dl of which must be considered 

* In addition to the evidence above referred-to, of the rapid occurrence of fatty dege- 
neration of the uterine structure after parturition, the Author may mention that he has 
been informed by Dr. Ketzius (Professor of Midwifery at Stockholm) that he has detected 
a large number of fat-globules in the urine of puerperal women. Is it not possible — 
it may be further asked — that some of the oleaginous matter so copiously poured-forth 
by the Mammary glands, may be derived from this source ? Such an econon^ of nutrient 
material would be consistent with what we elsewhere meet-with ; and the idea is con- 
formable to the fact, that the proportion of butyrine in the milk is much greater in the 
earlier, than in the later montks of lactation. 

t See Huxley’s “Elements of Comp. Anatomy,” 1864, p. 107. 
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as occasional manifestationB of changes that are constantly in progress, 
whose rate, being dependent upon the degree of Heat supplied, is so 
uniform in warm-blooded animals, as to secure a very close conformity to 
a common standard.* There is evidence that the occurrence of the uterine 
nisus may be induced by a variety of causes, several of which probably 
concur in the normal act of Parturition. For, in the first place, the state 
of development of the muscular substance of the Uterus can scarcely be 
without a considerable influence on this operation. We see it undergoing 
a gradual augmentation during the period of pregnancy, without any 
demand being made upon its functional activity ; it gradually becomes 
more and more irritable, contractions being far more readily excited in it 
by electrical or other stimulation, in the later than in the earlier months 
of pregnancy ; and at last this irritability seems to reach its acme, in 
virtue of the nutritive changes which have been progressively taking 
place in it, and to discharge itself in one powerful effort. Certain 
preparatory changes are known to be taking-place in the Uterus itself, 
during the last two or three weeks of gestation; for its upper part 
contracts more closely around its contents, as if it were bracing itself up 
for the coming encounter ; whilst there is a greater disposition to relaxa- 
tion of its lower part, as also in the soft parts surrounding the orifice of 
the pelvis, so that the whole mass descends. It is weU known that there 
is far less aptitude for dilatation in the os uteri before this change has 
taken-place ; so that premature labours are frequently rendered very difiGi- 
cult and tedious by the resistance which the foetus encounters from the 
soft parts, notwithstanding that its smaller size enables it to pass more^ 
readily through the pelvic canal. — That the parturient effort, however,* 
is not solely dependent upon the state of development of the uterus, 
appears from several considerations : and, in the first 2:>laco, from the very 
curious fact that, in cases of extra-uterine foctation, contractions resem- 
bling those of labour take-place in its walls. Li fact, what may be 
termed the maturation not merely of the Uterus, but also of its Em- 
bryonic contents, — a condition analogous to that which precedes the 
dropping of ripe fruit, and which is acquired by the completion of the 
developmental process, — appears to have more influence in determining 
the normal parturient effort, than any other cause which can be assigned. 
The Placenta of the fully-developed foetus, indeed, is somewhat in the 
condition of the footstalk of a ripening fruit ; that is, having attained its 
lull evolution as an organ of temporary function, its connection tends to 
become dissevered in virtue of the further changes which take-place in 
itself, quite irrespectively of any external agency, j This is very strikingly 
evinced by the fact, that when the uterus contains two foetuses, and one 
of them is expelled, — either in consequence of impeded development or 
of disease in itself, or because it has attained its own full term of develop- 

* This may be best illustrated by the analogy of a Leyden jar which is being charged 
by the continmvs action of an Electrical Machine, and which is so arranged as to dis- 
charge itself spontaneously whenever the disturbance in its equilibrium attains a certain 
intensity. If the movement of the machine be uniform, and other conditions remain 
the same, the discharge will take-place at regular intervals. 

f Such a change may be easily verified in the Placenta of many of the lower animals, 
such as the Cat, in which the foetal and maternal portions remain more distinct from 
each other, than they do in the Human female ; for these become far more easily sepa- 
rable as the period of parturition draws near, than they are at any previons time. 
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ment (as in cases of superfcetation, § 756), — the other, if its development 
at this period is &r from complete, is often retained, and goes-on to its 
full term, its placenta not being detached in the first parturient efibrt, 
because it was not then prepared for the separation. It is obvious that 
this view affords a rational explanation of the occurrence of uterine 
action in cases of extra-uterine foetation; for, if the condition of the 
placental attachment furnish its exciting cause, it will do so equally, 
whether the placenta be attached to the lining of the uterus, or to that of 
the Fallopian tube, or to any other organ. It is an additional indication 
that the immediate stimulus to the parturient effort of the uterus is given 
by some change in the condition of its foetal connections, that the term of 
gestation seems capable of being prolonged by peculiarities in the con- 
stitution or rate of development of the foetus, which are derived fi:om the 
male parent; for it was ascertained by the late Earl Spencer,* that of 75 
cows in calf by a particular bull, the average period was 288^ days, 
instead of 280; none of these having gone less than 281 days, and two- 
fifths of them having exceeded 289 days.f 

,753. Various states of the constitution, especially that which is desig- 
nated as ‘ irritability,’ may induce the occurrence of the parturient effort 
at an earlier period ; and this constitutes Premature Delivery, or Abor- 
tion, according as the child is, or is not, viable (§ 754). There are some 
women in whom this regularly happens at a certain month, so that it 
seems to be an action natural to them; but it should always be prevented, 
if possible, being injurious alike to the mother and to the child ; and this 
prevention is to be attempted by rest and tranquillity of mind and body, 
*and by a careful avoidance of all the exciting causes which may produce 
uterine contractions by their operation on the Nervous system (§ 750). 
Among the causes of Abortion, however, the death of the foetus, or an 
abnormal state of the placental structure, is one of the most common ; and 
thus we have another very distinct proof of the influence which the state 
of the contents of the uterus has on the induction of the parturient effort. 

754. The question of the extreme limits of the period of Gestation, is 

* See Dr. J. C. Hall, in “ Medical Gazette,” May 6, 1842. 

+ The very ingenious doctrine has been propounded by Dr. Tyler Smith (‘Tarturition, 
and the Principles and Practice of Obstetrics,” London, 1849), that the exciting cause of 
parturition is to be found in the recurrence of the periodical excitement of the ovary, 
acting by reflexion on the uterus through the spinal system of nerves, the ovarian nerves 
being the excitorSf and the uterine the motors ; this excitement continuing during the 
entire period of gestation, and giving a special tendency to abortion at each return ; and 
acting with such potency at the eleventh recurrence, as then to induce the parturient 
effort. He assigns no other cause, however, why this eleventh recurrence should be so 
much more effectual than the rest, than that by this time there is a much greater apti- 
tude to contraction in the uterus itself, and an increased readiness to be thrown-off on 
the part of the placenta, — conditions which seem to the Author to be in themselves 
adequate to account for the result. Dr, Tyler Smith’s hypothesis is distinctly negatived 
by the following facts : — 1. The period of gestation, although commonly a multiple of 
the menstrual interval, is by no means constantly so ; the former often remaining normal, 
w^hen the latter is shorter or longer than usual, 2. Parturient efforts take-place in 
the uterus, notwithstanding the previous removal of the lower part of the spind cord. 
8. The removal of the ovaries in the later part of gestation does not interpose the least 
check to the parturient action, as Prof. Simpson of Edinburgh has experinkentally ascer- 
tained. — The Author considers himself fully justifled, therefore, in asserting that this 
hypothesis does not possess the slightest claim to be entertained as even a possible one ; 
and would refer, for a more detailed examination of it, to the ** Brit, and For. Med.- 
Chir. Eeview,” vol. iv. p. 1, 
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one of great importance both to the Practitioner and to the Medical Jurist, 
— ^In regard to the shortest period at which Gestation may terminate, 
consistently with the viability of the Child, there is still a great degree of 
uncertainty. Most practitioners are of opinion that it is next to impos- 
sible for a foetus to live and grow to maturity, which has not nearly com- 
pleted its seventh month ; but it is unquestionable that infants bom at a 
much earlier period have lived for some months, or even to adult age. It 
is rare in such cases, however, that the date of conception can be fixed 
with sufiScient precision to enable a definite statement to be given. Of 
the importance of the question, a case which some time since occurred in 
Scotland affords sufficient proof. A vast amount of contradictory evidence 
was adduced on this trial ; but, on the general rule of accepting positive 
in preference to negative testimony, it seems that we ought to consider it 
possible that a child may live for some months, which has been bom at 
the conclusion of 24 weeks of gestation. In the case in question, the 
Presbytery decided in favour of the legitimacy of an infant born alive 
within 25 weeks after marriage.* * * § A very interesting case is on record, f 
in which the mother (who had borne five children) was confident that her 
period of gestation was less than 19 weeks; the facts stated respecting the 
development of the child are necessarily very imperfect, as it was impor- 
tant to avoid exposing his body, in order that his temperature might be 
kept-up ; but three weeks after his birth, ho was only 13 inches in length, 
and his weight was no more than 29 oz. At that time, according to the 
calculation of the mother, he might be regarded as corresponding with an 
infant of 22 weeks or 5 months ; but the length and weight were greater 
than is usual at that period, indicating that he was probably born at 
about the 25th week. It is an interesting feature in this case, that the 
calorific power of the infant was so low, that artificial heat was constantly 
needed to sustain it ; but that under the influence of heat of the fire he 
evidently became weaker, whilst the warmth of a person in bed rendered 
him lively and comparatively strong. During the first week it was ex- 
tremely difficult to get him to swallow ; and it was nearly a month before 
he could suck. At the time of the report, he was four months old, and 
his health appeared very good. — Another case of very early viability has 
been more recently put on record by Mr. Dodd:J in this, as in the former 
instance, the determination of the child’s age rests chiefly on the opinion 
of the mother ; but there appears no reason for suspecting any fallacy. 
The child seems to have been born at the 2Gth or 27th week of gestation ; 
and having been placed under judicious management, it has thriven 
well. — One of the most satisfactory cases on record, is that detailed by 
Dr. Outrepont§ (Professor of Obstetrics at Wurtzburgh), and stated by 
Dr. Christison in his evidence on the case first alluded-to. The evidence 
is as complete as it is possible to be in any case of the kind ; being derived 
not only from the date assigned by the mother to her conception, but 
also from the structure and history of the child. The gestation could 
have lasted only 27 weeks, and was very probably less. The length of 
the child was 13| inches, and its weight was 24 oz. Its development 

* Report of Proceediogs against the Rev. Fergus Jardine,” Edinburgh, 1889. 

+ “ Edinb. Med. and Surg. Journal,” vol. xL 

i ** Provincial Medical and Surgical Journal,” vol, ii. p, 474. 

§ ** Henke’s Zeitachrift,” band vu 
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was altogetlier slow ; and at the age of eleven years, the child seemed no 
more advanced in body or mind, than most other boys of seven years old. 
In this last point, there is a very striking correspondence with the results 
of other observations upon premature children, made at an earlier age. — A 
very remarkable case has been since put on record by Dr. Barker of 
Dumfries,* in which the child is affirmed to have been bom on the 158th 
day of gestation, or in the middle of the twenty -third week after intercourse. 
Its size, weight, and grade of development were conformable to the as- 
serted period : for it weighed only 16 oz., and measured 11 inches; it 
had only rudimentary nails, and scarcely any hair except a little of reddish 
colour on the back of the head ; the eyelids were closed, and did not open 
until the second day; the skin was shrivelled. When born it was wrapped 
up in a box and placed before the fire. The child did not suck properly 
until after the lapse of a month, and did not walk until she was nineteen 
months old. Three years and a half afterwards this child was in a thriving 
state, and very healthy, but of small make ; she then weighed 29^ lbs. 

755. A like uncertainty exists with regard to the degree oi protraction 
of which the ordinary duration of Gestation is capable. — Many obstetric 
practitioners, whose experience should give much weight to their opinion, 
maintain that the regular period of 40 weeks is never extended by more 
than two or three days ; whilst, on the other hand, there are numerous 
cases on record, which, if testimony is to be believed at all (and in many 
of these, the character and circumstances of the parties place them above 
suspicion), furnish ample evidence, that Gestation may be prolonged for 
at least three weeks beyond the regular term.f In one case, indeed, 
recorded by Liegard,J pregnancy was believed to have lasted 330 days. 
The English law fixes no precise limit ; and the decisions which have 
been given in our courts, when questions of this kind have been raised, 
have been mostly formed upon the collateral circumstances. The law of 
France provides that the legitimacy of a child born within 300 days after 
the death or departure of the husband shall not be questioned ; and a 
child born after more than 300 days is not declared a bastard, but its 
legitimacy may be contested. By the Scotch law, a child is not declared 
a bastard, unless born after the tenth month from the death or departure 
of the husband. — ^Very important evidence on this subject is afforded by 
investigations on the lower animals, which are free from many sources of 
fallacy that attend human testimony. The observations of Tessier, which 
were continued during a period of forty years, with every precaution 
against inaccuracy, have furnislied a body of results which seems quite 
decisive. In the Cow, the ordinary period of gestation is about the same 
as in the Human female ; but out of 577 individuals, no less than 20 
calved beyond the 298th day, and of these, some went-on to the 321st, 
making an excess of nearly six weeks, or about one-seventh of the entire 
period. Of 447 Mares, whose natural period of gestation is about 335 
days, 42 foaled between the 359th and the 419th days, the greatest 
protraction being thus 84 days, or just one-fourth of the usual term. Of 
912 Sheep, whose natural period is about 151 days, 96 yeaned beyond 

* “Medical Times,” Sept. 7 and Oct. 12, 1850. 

t A good collection of snch oases will be found in Dr. Montgomery’s excellent work 
on the “Signs of Pregnancy,” and in Dr. A. Taylor’s ** Medical Jurisprudence.” 

t “Oas. des H6pitaux,” 1859. 
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the 153rd day ; and of these, 7 'went-on until the 157th day, making an 
excess of 6 (lays. Of 161 Rabbits, whose natural period is about 80 
days, no fewer than 25 littered between the 32nd and the 35th ; the 
greatest protraction was here one-sixth of the whole period, and the pro- 
portion in which there was a manifest prolongation was also nearly one- » 
sixth of the total number of individuals. In the incubation of the common 
Hen, the duration of which must be entirely determined by the rate of 
embryonic development, Tessier found that there was not unfrequently a 
prolongation to the amount of three days, or one-seventh of the whole 
period. — In regard to Cows, the observations of Tessier have been con- 
firmed by those of Earl Spencer, who has publislied* a table of the period 
of gestation as observed in 764 individuals; he considers the average 
period to be 284 or 285 days; but no fewer than 310 calved after the 
285th day; and of these, 3 went-on to the 306th day, and 1 to the 313th. 

It is curious that among the calves born between the 290th and 300th 
days, there was a decided preponderance of males, — these being 74, to 
32 females ; whilst all of those born after the 300th day were females. 
The additional series of observations subsequently made by Earl Spencer, 
in regard to the constant protraction of the period in 7 5 cows in calf by 
a particular bull, has been already noticed (§ 752). — Another series of 
observations has been published by Mr. C. N. Bement of Albany, U.S.jf 
who has recorded the period of gestation of 62 Cows. The longest period 
was 336 days; the shortest, 213 days. The average period for male 
calves was 288 days ; and for females 282 days. — On the whole it may 
be considered, that in regard to the Human female, the French law. is a 
very reasonable one ; there being quite sufficient analogical evidence to 
support the assertions of females of good character, having no motive to 
deceive, which lead to the conclusion that a protraction of at least four 
weeks is quite possible, and that a protraction of six weeks is scarcely to 
be denied. J 

756. There is another question regarding the function of the Female 
in the Reproductive act, which is of great interest in a scientific point of 
view, and which may become of importance in Juridical inquiries ; 
namely, the possibility of Superfeetation, that 48, of two distinct concep- 
tions at an interval of greater or less duration ; so that two fintuses of 
different ages, the offspring perhaps of different parents, may exist in the 
uterus at the same time. — The simplest case of Superfoetation, the fre- 
quent occmrrence of which places it beyond reasonable doubt, is that in 
which a female has intercourse on the same day with two males of diffe- 
rent complexions, and bears twins at the fuU time; the two infants 
resembling the two parents respectively. Thus, in the slave-states of 
America, it is not uncommon for a black woman to bear at the same time 
a black and a mulatto child ; the former being the offspring of her black 
husband, and the latter of her white paramour. The converse has occa- 
sionally, though less frequently, occurred : a white woman bearing at the 
same time a white and a mulatto child. There is no difficulty in account- 

* “ Journal of the English Agricultural So<uety,’* 1839. 

+ ** American Journal of the Medical Sciences,*' October, 1845, 

4; See especially two cases, 183 and 184, detailed by Dr. Murphy in his ** Beport of 
the Obstetric Practice of University College Hospital” for 1844 ; and another case since 
published by him in the Medical Gazette” for 1849, vol. xlviii. p. 688. 
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ing for such fects, when it is remembered that nothing has occurred to 
prevent the uterus and ovaria from being as ready for the second concep- 
tion as for the first ; since the orifice of the former is not yet closed up ; 
and, at the time when one ovum is matured for fecundation, there are 
usually more in nearly the same condition. — But it is not easy thus to 
account for the birth of two children, each apparently mature, at an in- 
terval of five or six months ; since it might have been supposed that the 
uterus was so completely occupied with the first ovum, as not to allow 
of the transmission of the seminal fluid necessary for the fecundation of 
the second. In cases where two children have been produced at the 
same time, one of which was fully-formed, whilst the other was small 
and seemingly premature, there is no occasion whatever to imagine that 
the two were conceived at different periods ; since the smaller foetus may 
have been ‘ blighted,’ and its development retarded, as not unfrequently 
happens in other cases. Nor is it necessary to infer the occurrence of 
superfoetation in every case in which a living child has been produced a 
month or two after the birth of another ; since the latter may have been 
somewhat premature, whilst the former has been carried to the full term. 
But such a difference can scarcely be, at the most, more than 2^ or 3 
months;* and there are several cases now on record, in which the 
interval was from 110 to 170 days, whilst neither of the children pre- 
sented any indication of being otherwise than mature.f 

757. Whatever be the precise nature and history of the Fecundating 
process, there can be no doubt that the properties of the Germ depend 
upon conditions, both material and dynamical, supplied by hotli Parents. 
This is most obviously shown by the fusion of the characters of the 
parents, which is exhibited by hybrids between distinct species or 
strongly-marked varieties among the lower animals, such as the Horse 
and Ass, the Lion and Tiger, or the various breeds of Dogs ; or in the 
offspring of parents belonging to two strongly-contrasted Races of Men, 
such as the European on the one hand, and the Negro or American Indian 
on the other. — It has long been a prevalent idea that certain parts of the 
organism of the offspring are derived from the male, and certain other 
parts from the female parent ; and although no universal rule can be laid 
down upon this point, yet the independent observations which have been 
made by numerous practical ‘breeders’ of domestic animals (both 
mammals and birds), seem to establish that such a tendency has a real 
existence; the characters of the Animal portion of the fabric being 
especially (but not exclusively) derived from the male parent, and those 
of the Organic apparatus being in like manner derived from the female 
parent. The former will be chiefly manifested in the external appear- 
ance, in the general configuration of the head and limbs, in the organs of 
the senses (including the skin), and in the locomotive apparatus ; whilst 
the latter show themselves in the size of the body (which is primarily 
determined by the development of the viscera contained in the trunk), 
and in the mode in which the vital functions are performed. Thus the 

* For an interesting case of superfoetation, where the differehce in the age of the two 
foetuses was about frree months, see a Report made by Brs. Harley and Tanner to the 
Obstetrical Society, ** Lancet,” vol. ii. 1862. 

f See the Article ‘Sup^oetation,* in Dr. Beck's Elements of Medical Juris- 
prudence.” 
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mule, which is the produce of the male ass and the mare, is essentially a 
modified ass, having the general configuration of its sire (slightly varied 
by equine peculiarities), but having the rounder trunk and l^ger size of 
its dam ; on the other hand, the hinny, which is the offspring of the 
stallion and the she-asa, is essentially a modified horse, having the general 
configuration of the horse (though with a slight admixture of asinine 
features), but being a much smaller animal than its sire, and thus ap- 
proaching its dam in size, as well as in the comparative narrowness of its 
trunk. The influence of the female on the general ‘ constitution,* and 
especially on the fattening, milking, and breeding qualities of the offspring, 
is asserted to be proved by the history of several races of sheep and 
cattle, which have been most distinguished in these respects.* — But how- 
ever general this rule may prove to be as regards the lower animals, it is 
by no means universal ; for instances are by no means unfrequent, in 
which the multiple progeny of one conception divide between them the 
characters of the parents in very different modes. Thus, in a case in 
which a Setter-bitch, having been ‘ lined’ by a Pointer, bore three pups, 
two of these pups seemed exclusively to resemble the father, appearing 
to be perfect Pointers in configuration, and growing-up with tlio habits 
of that race ; whilst tlie third seemed equally to resemble its mother, 
being apparently a true Setter both in structure and instinct. Yet not- 
withstanding this apparent restriction, it subsequently appeared that tlie 
pointer-pups must have had something of the setter in their constitution, 
and the setter-pup something of the pointer. For one of the Pointer- 
pups (a male) having been matched at the proper age with a Pointer- 
bitch of pure breed, one of the pups borne by the latter was a true setter, 
exactly resembling its paternal grandmother, and another was setter-- 
marked; and the Setter-pup (a female) having been lined by a Setter-dog 
of pure breed, there were among its litter of pups two pointers resembling 
their maternal grandfather. — The same variety presents itself to even a 
greater degree in the Human species. For in almost every large family 
(and sometimes even where there are no more than two children'!’), it 
will be observed that tlie likeness to the father predominates in some of 
the children, and the resemblance to the mother in others. Still it is 
rare to meet with instances in which some distinctive traits of both parents 
may not be traced in the offspring ; these traits often showing themselves 
in peculiarities of manner and gesture, in tendencies of thought or 
feeling, in proneness to particular constitutional disorders, &c., even 
where there is no personal resemblance, and where there has been no 
possibility that these peculiarities should have been gained by imitation. 

* See Walker ** On Intermarriage Orton on * The Physiology of Breeding/ in the 
“Newcastle Chronicle,” March 10, 1854 ; and Dr. Alex. Harvey ‘On the Eelative 
Influence of the Male and Female Parents in the Beproductiun of the Animal Species,* 
in “Edinb. Monthly Journ.,*’ Aug. 1854. 

t One of the most remarluble cases of this kind known to the Author, is that of two 
Sisters, who seem to resemble each other in no one point of configuration or mental 
character ; but of whom one bears a most striking resemblance, both In person and in 
mind, to her Father ; whilst the other no less strikingly resembles her Mother. The 
only peculiaritieB which at all indicate their relationship, are a gouty diathesis which 
they both inherit from their father, and an idiosyncrasy in regaid to opium, of which 
neither is able to take even a small dose (in any form whatever) without violent 
vomiting. 
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And even wlien they are overborne, as it were, in the immediate progeny, 
by the stronger influence derived from the other side, they will often 
reappear in a subsequent generation (as in the case just cited), con- 
stituting the phenomenon known as Atavism. 

758. The influence of both Parents on the constitution of the Offspring 
is strikingly manifested, not merely in the admixture of their characters 
normally displayed by the latter, but also in the tendency to the heredi^ 
tary transmission of perverted modes of functional activity which may 
have been habitual to either. The diseases which are usually considered 
to be most prone thus to reappear in successive generations, are Scrofula, 
Gout, Syphilis, and Insanity ; but it can scarcely be doubted that many 
others might be added to this list.* The predisposition may have been 
congenital on the part of the parents, or it may have been acquired by 
themselves ; and in no case is this more obvious, than in the influence of 
Alcoholic excesses on the part of one or both parents, in producing 
Idiocy, a predisposition to Insanity, or weakness and instability of Mind, 
in the children, this being especially the case where both parents have 
thus transgressed. Thus out of 359 Idiots, the condition of whose pro- 
genitors could be ascertained, it was found that no fewer than 99 were 
the children of absolute drunkards ; and there was reason to believe that 
a large proportion of the parents of the remainder were more or less 
intemperate, only about a quarter of the whole number of idiots having 
been found to be the children of parents who were known to be tem- 
perate, f And it is perfectly well known to those who are conversant 
with Insanity, that of all the ‘ predisposing causes’ of that disorder, habits 
of intemperance on the part of either or both parents are among the most 
frequent, — The intensification which almost any kind of perversion of 
Nutrition derives from being common to both parents, is most remarkably 
evinced by the lamentable results which too frequently accrue from the 
marriage of individuals nearly related to each other, and partaking of the 
same ‘taint.’ Such results must have fallen within the knowledge of 
almost every one possessing an extended field of observation ; but they 
are brought-out with fearful vividness by the unerring test of properly- 
collected Statistics. For out of the 359 idiots just referred- to, 17 were 
known to have been the children of parents nearly related by blood ; and 
this relationship was suspected to have existed in several other cases, in 
which positive information could not be obtained. On examining into 
the history of the 17 families to which these individuals belonged, it was 
found that they had consisted, in all, of 95 children ; that of these no 
fewer than 44 were idiotic, 12 others were scrofulous and puny, 1 was 
deaf, and 1 was a dwarf. In some of these families, all the children were 
either idiotic, or very scrofulous and puny ; in one family of 8 children, 
5 were idiotic. J — But it does not seem requisite for the production of 

* See the very interesting and suggestive Chapter * On Hereditary Disease,’ in Sir H. 
Holland’s “Medical Notes and Reflections.” 

+ See Dr. Howe’s “Report on Idiocy to the Legislature of Massachusetts,” 1848. 

t See Dr. Howe’s Report, p. 90. An abstract of this Report is given in. the ** Amer. 
Journ. of Med. Sci.,” April, 1849. — The following works may also be referred*to as con- 
taining the most recent information upon the important subject of the effects upon the 
offspring of marriages of consangainity : — M. Boudin in the “Annales d’Hygi^ne,” vol. 
xviii. pp. 6-82, who observes that the deaf-mutes of consanguineous origin are from twelve 
to fift^ timee as numerous as they would be if the infirmity were equally distributed 
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very imperfect offspring from the intermarriage of near relations, that 
any decided * taint’ should exist in the parents ; for the Author’s own 
observations and inquiries lead him to conclude that the same danger 
results when there is any strong personal or mental * idiosyncrasy,* such 
as is often seen to run through the members (both male and female) of a 
particular family, causing them to be at once recognized as belonging 
to it, by those who have been familiar with other members.^ This 
liability probably does not exist to nearly the same degree, where the 
parents, although nearly related, differ widely in physical and in 
psychical characters, through the predominance of elements which have 
been introduced by their non-related parents ; as, for example, when a 
man strongly resembles his father rather than his mother, marries the 
daughter of his mother'' s brother, who, on her part, resembles her own 
mother rather than her father. But the case previously cited (§ 757) 
gives warning that even here the ‘ family idiosyncrasy’ may exist in a 
powerful degree, though in a latent form, and may seriously affect the 
constitution of the offspring. It is quite as common to meet with Atavism 
in the transmission of hereditary disease, as in the reproduction of 
‘ family likeness.’ 

759. Attention has recently been directed to a very curious class of 
phenomena, which show that where the mother has previously borne off- 
spring, the influence of its father may be impressed on her progeny after- 
wards begotten by a different parent : as in the well-known case of the 
transmission of Quagga-marks to a succession of colts, both whose parents 
were of the species Horse, the mare having been once impregnated by 
a Quagga male;t and in the not unfrequent occurrence of a similar 
phenomenon in ^e Human species, as when a widow who marries a 
second time, bears children strongly resembling her first husband. Some 
of these cases appear referable to the strong mental impression left by the 

among the offspring of consanguineous and other marriages ; Dr. Bemiss in the ^'Journal 
of Psychological Medicine” for 1867, p. 368, who supplies facts and arguments against 
sush marriages ; Dr, Mitchell in the “ Ediub. Med. Joum.” for 1862, p. 872, who con- 
siders idiocy to be an especially frequent consequence of the marriage of blood-relations, 
and agrees with M. Boudin in regard to the frequency of deaf-mutism in the offspring ; 
M. Cadiot in the ** Comptes Bendus,” toI. ii. 1863, p. 978 ; M. Angelon in idem, vol. i. 
1864, p. 166; and Dr. E. Dally in the “Anthropological Review” for May, 1864. 
Amongst the i^itor’s own immediate relations there have been five marriages l^tween 
first-cousins, from which have proceeded thirty-three children ; of these eight have 
died, one from teething, two from croup, and one from hooping-cough (all injudiciously 
fed), one from accident, one from cyanosis, and two from well-marked scrofulous disease; 
the last two occurred in the same family, and were the only offspring of an extremely 
obese father and a highly scrofulous mother. The surviving children are of unusually 
healthy and fine growth. The Editor therefore, from these and other observations, 
fully accords with the observations of Dr. G. W. Childs in the “ Medico-Chir. Review” 
for 1862, vol.[i. p. 461, who in criticizing Dr. Bemiss's Essay, remarks that the marriages 
of blood-relations have no tendency, per sc, to produce degeneration of race, though 
they have a tendency to strengthen and develops in the offspring individual peculiarities 
of the parents, both mental and physical, whether morbid or otherwise. 

* A most lamentable instance of this kind, which happened some years ago in a family 
well known to the Author, was the occasion of his first directing his attention specially 
to this point. Two first-cousins, possessing a strong * family idiosyncrasy,* but no defi- 
nite * taint,’ having married, four children were bom, each of which was distinguished 
by some marked defect of organization or perversion of function ; one being deaf and 
dumb, another scrofulous, a third idiotic, and the fourth epileptic. 

f Philosophical Transactions,” 1821. 
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first male parent upon the female : but there are others which seem to 
r^der it more likely th^t the blood of the female has imbibed from that 
of the foetus, through the placental circulation, some of the attributes 
which the latter has derived from its male parent ; and that the female 
may communicate these, with those proper to herself, to the subsequent 
offspring of a different male parentage. ♦ — This idea is borne-out by a 
great number of important facts ; and it serves to explain the circum- 
stance well known to practitioners, that secondary syphilis will often 
appear in a female during gestation or after parturition, who has never 
had primary symptoms, whilst the father of the child shows no recent 
syphilitic disorder. For if he have communicated a syphilitic taint to the 
foetus, the mother may become inoculated with it through her offspring, 
in the manner just described. As this is a point of great practical 
importance, it may be hoped that those who have the opportunity of 
bringing observation to bear upon it, will not omit to do so. 

7 60. There seems good reason to believe, moreover, that the attributes 
of the Germ are in great degree dependent, not merely upon the habitual 
conditions of the Parents which have furnished its original components, 
but even upon the condition in which those parents may be at the time 
of sexual congress. Of this we have a remarkable proof in the phenomenon 
well known to breeders of animals, that a strong mental impression made 
upon the female by a particular male, will give the offspring a resemblance 
to him, even though she has had no sexual intercourse with him ; f a 
circumstance for which there is no difficulty in accounting, on the hypo- 
thesis already put-forth regarding the dynamical relation of Mental states 
to the Organic processes (Chap. xv.). And there is no improbability 
therefore, in the idea that the offspring of parents ordinarily healthy and 
temperate, but begotten in a fit of intoxication on both sides, would be 
likely to suffer permanently from the abrogation of the reason, which they 
have temporarily brought upon themselves. J — On the whole, then, we 
seem entitled to conclude, that the attributes of the embryo will be 
influenced in a most important degree by the entire condition (as relates 
both to the organic and the psychical life) of both parents at the time of 
the sexual congress; and it is probably on account of the perpetual 
changes taking-place in the bodily and mental state of each individual 
(his condition at any one time being the general resultant of all those 
changes), that we almost constantly witness marked differences between 
children born at successive intervals, however strong may be the ‘ family 
likeness’ among them; whilst the resemblance between twins is almost 
invariably much closer. § 

761. When it is borne in mind that during the entire period of 
gestation, the Embryo is deriving its nutriment exclusively from the 

* See ah interesting discussion of this question, by Dr. Alex. Harvey, in the “Edinb. 
Monthly Joum.,” Oct. 1849, and Oct. and Nov. 1860 ; and in his pamphlet “On a 
Eeinarkable Effect of Cross- breeding, “ Edinb., 1851. 

t See Harvey, loo. cit. 

t See a case of this kind related by Mr. G. Combe in the “Phrenological Journal/’ 
vol. viii. p. 471. 

§ Where twins are very unlike one another, it will usually be found that the dissi- 
milarity is due to the predominance of the characters of the father in one, and of those 
of the mother in the other ; as in the case of the Pointer and Setter previously cited 
(§ 767). 
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blood of the Mother, and that the condition of this duid in relation to 
her own processes of Nutrition and Secretion, is subject to a very marked 
influence from her own mental states (Chap, xv.), it cannot fairly be 
thought improbable, that the developmental processes of the Embryo 
should be powerfully afiected by strong Emotional excitement on her 
part. Among the facts of this class, there is, perhaps, none more striking 
than that quoted by Dr. A. Combe* from Baron Percy, as having occurred 
after the siege of Landau in 1793. In addition to a violent cannonading, 
which kept the women for some time in a constant state of alarm, the 
arsenal blew-up with a terrific explosion, which few could hear with un- 
shaken nerves. Out of 92 children born in that district within a few 
months afterwards, Baron Percy states that 16 died at the instant of birth ; 
33 languished for from eight to ten months, and then died ; 8 became 
idiotic, and died before the age of five years ; and 2 came into the world 
with numerous fractures of the bones of the limbs, probably caused by 
irregular uterine contractions. Here, then, is a total of 59 children out 
of 92, or within a trifle of 2 out of every 3, actually killed through the 
medium of the Mother’s alarm and the natural consequences upon her 
own organization ; an experiment (for such it is to the Physiologist) 
upon too large a scale for its results to be set down as mere ^ coincidences.’ 
— No soundly-judging Physiologist of the present day is likely to fall 
into the popular error of supposing that ‘ marks ’ upon the Infant are to 
be referred to some transient though strong impression upon the imagi- 
nation of the Mother ; but there appear to be a sufficient number of facts 
on record, to prove that habitual mental conditions on the part of the 
Mother may have influence enough, at an early period of gestation, to pro- 
duce evident bodily deformity, or peculiar tendencies of the mind (§715). 
The error of the vulgar notion on this subject, lies in supposing that a 
sudden fright^ speedily forgotten, can exert such a continual influence on 
the nutrition of the Embryo, as to occasion any personal peculiarity.! 
The view here stated, is one which ought to have great weight, in making 
manifest the importance of careful management of the health of the Mother, 
both corporeal and mental, during the period of pregnancy ; since the 
ultimate constitution of the offspring so much depends upon the influences 
then operating upon its most impressible structure. 


4, Development of the Embryo, 

762. The history of the evolution of the Germ, from its first appear- 
ance as a single cell lying in the midst of the yolk, to the time when it 
presents the form and structure characteristic of its parent-species, and is 
capable of maintaining an independent existence, — including the details of 

* “On the Management of Infancy/' p. 76. 

+ For some valuable observations on this subject, see Montgomery “ On the Signs of 
Pregnancy.” — Numerous cases were recorded a few years since (especially in the 
“Lancet” and “Provincial Medical Journal”), in which malformations in the Infant 
appeared distinctly traceable to strong impressions made on the mind of the Mother some 
months previously to parturition ; these impressions having been persistent during the 
remaining period of pregnancy, and giving rise to a full expectation on the part of the 
Mother, that the child would be affected in the particular manner which actually 
oocnrred. Of one very striking case of this kind, the Author is personally cognisant, it 
having occurred in the family of a near connection of his own. 
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lihe progressive development of each separate organ, from its first appear- 
ance as an aggregation of simple cells formed by ^he duplicative subdivision 
of the primordi^ vesicle, to that stage of completeness in which it is able 
to bear a part in the vital economy of the new being, — and embracing, 
also, the succession of changes in the provisions for the nutrition of the 
embryo in the successive phases of its existence, and the adaptations of 
its general organization to each respectively, — constitutes one of the most 
interesting departments of Physiological Science, and one which has of 
late years received a peculiar degree of attention. It is a branch of the 
inquiry, however, which has, and seems likely to have, less practical 
bearing than any other ; for neither as regards the preservation of the 
body in health, nor its restoration from disease, is it easy to see what direct 
benefit the most exact knowledge of Embryonic Development is likely to 
afford. The chief subject on which it throws light, is that of Congenital 
Malformations and Deficiencies ; many of which are now distinctly trace- 
able to arrest or irregularity of the developmental processes; some of them, 
indeed, to eoocess (§ 339). For these reasons, the topic before us will be 
passed-over much more lightly in the present Treatise, than its scientific 
importance might seem to demand ; and all that will be here attempted, 
will be a mere sketch of the mode in which the evolution of the germ 
takes-place, this being followed in the first instance as a whole, whilst 
its principal organs will be afterwards separately considered as they 
successively present themselves. — This sketch, however, will serve to 
convey an idea of the nature of the process, and to illustrate its conformity 
in Man to that great law of progress from the general to the special^ 
which is equally manifested in the development of every other organized 
being. 

763. When we first discern the primordial cell which is to evolve 
itself into the Human organism, we can trace nothing that essentially 
distinguishes it from that which might give origin to any other form of 
organic structure, either Vegetable or Animal ; its condition, in fact, 
being permanently represented by the humblest single-celled Plants and 
Animals. The earliest stage of its development consists in simple multi- 
plication by ‘duplicative subdivision,’ so that a mass of cells comes to be 
produced, amidst the several components of which no difiference can be 
traced ; and this also finds its parallel among the simpler organisms of 
both kingdoms. Soon, however, this homogeneous condition gives rise to 
a heterogeneous one ; the further changes which different parts of this mass 
undergo, not being of the same uniform character, so that a marking-out 
of organs^ or instrumental parts adapted for different purposes in the 
economy, comes to be discernible. The organs whose distinctness first 
becomes apparent, are not (for the most part) those which we trace in the 
completed structure, but have a merely temporary character ; being evolved 
either as a sort of scaffolding or frame- work for the building up of the 
more permanent parts, or with a view to the nutrition of the embryo 
during the evolution of these. Although the first indications of heteroge- 
neousness in the germinal mass are of nearly the same kind in all animals, 
— consisting in the formation of a blastodermic membrane (composed, 
however, of nothing else than layers of cells) upon its exterior, which 
serves as a sort of temporary stomach, whilst a large part of the included 
jnass undergoes liquefection, and serves as the nutrient material for the 
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tissues which are to be evolved from it, — ^yet indications are very speedily 
manifested, of the primary division of the Animal Kingdom of which the 
new being is a member ; thus, in the case of the Human embryo, as of 
that of all Vertebrated animals, the first outline of the permanent organi- 
zation is shown in the ‘ primitive trace ’ which marks-out the line of the 
vertebral column (Plate II., Fig. 11); and in this we very soon discern the 
foundations of the separate vertebrae (Fig. 12, c). But there is nOtliing 
at this period to distinguish the germ of Man from that of any other Ver- 
tebrated animal, this early part of the developmental process being carried- 
on upon the same plan in every member of that sub-kingdom; and it is 
not until we meet with indications of one of the plans which are peculiar 
to the respective classes of that sub-kingdom, that we can discover 
whether the germ in course of evolution is to become a Mammal, Bird, 
Reptile, or Fish. So, even when it has been recognized as belonging to 
the Mammalian class, there is at first nothing to distinguish it from that 
of any other Mammal ; and it is only with the advance of the develop- 
mental process, that indications successively present themselves, which 
enable us to distinguish, one after another, the characters of the order, the 
family, the genus, the species, the variety, the sex, and the individual, — 
the more special features progressively evolving themselves out of the more 
general^ which is the expression of the law of development common to all 
Organized beings. 

764. With this progressive alteration in the condition of the embryo 
itself, a very remarkable series of alterations is proceeding, pari passu^ in 
the mode in which it is supplied with nutrient material, and in the pro- 
visions for the aeration of its circulating fluid. — The first evolution of 
the germ takes-place entirely at the expense of the yolk ; of which, how- 
ever, the store contained in the Mammalian ovum is very small. The 
whole of this is very speedily incorporated in the subsUince of the germ, 
by the peculiar process to be presently described ; and there is no re- 
sidual store of ‘ food-yolk,’ such as that which, in the Bird, serves for 
the nutrition of the embryo during the whole remainder of the deve- 
lopmental process, by being gradually absorbed into the substance of the 
blastodermic membrane, and there converted into blood. The Mamma- 
lian ovum, however, from the time it reaches the Uterus, is furnished 
with a new supply of nourishment, in the fluid secreted by the Decidual 
membrane (§ 741); and for the absorption of this, it is particularly 
adapted by the villosities which develope themselves from its own ex- 
ternal envelope. These, at first entirely destitute of blood-vessels, are 
subsequently penetrated at a certain part of the surface, by the foetal 
capillaries brought to them by an organ, the Allantois^ which is deve- 
loped in Birds as the temporary instrument of respiration ; and thus is 
originated the foetal portion of the Placenta, of whose formation an 
account will be presently given (§ 771). From the time that this organ 
is completed, up to the birth of the Infant, the embryo draws its nutrient 
materials direct from the maternal blood, though not receiving that blood 
as such into its own organism ; and it is through the same medium that 
the aeration of its own blood is effected, its pulmonary apparatus being 
as yet inoperative. Its circulating system, arranged in accordance with 
these requirements, presents many peculiarities which mark its fmtal 
character ; and the alteration in the course of the blood, which takes- 
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plaoo as soon as the respiratory organs come into play, constitutes the 
essential difierence between intra-uterine and extra-uterine life. If, as 
sometimes happens, the lungs of the new-born in&nt expand but imper- 
fectly or scarcely at all, the circulation continues to be carried on in a 
greater or less degree, upon its intra-uterine plan ; and this, when the 
placenta is no longer capable of supplying the needed aeration, is incom- 
patible with the persistence of life. 

765. Our knowledge of the first stages of the developmental process in 
the Mammalian ovum is in many respects incomplete ; and it is requi- 
site to interpret what has been obscurely seen in the ova of this class, 
by the clearer views derived from observation of those of the lower 
animals.* — As already stated (§ 739), the germinal vesicle disappears 
at or about • the time of fecundation ; but its disappearance is not 
a result of fecundation, since it also takes-place in the imimpreg- 
nated egg, in consequence (it may be presumed) of the completion 
of its term of life, and of those operations which it was developed to 
perform. Its place is seen to be occupied, at an early period after fecunda- 
tion, by a new and peculiar cell, the origin of which is obscure, but the 
destination of which is most im 2 X)rtant ; for it is by the ‘ duplicative 
subdivision’ of this cell, first into 2, then into 4, then into 8, and so on, 
and by the metamorphoses which its progeny undergo, that the whole 
embryonic fabric is gradually evolved. Hence this cell may be termed 
the embryo-celL^ At the same time, a peculiar change begins to take 
place in the yolk, the whole sphere of which at first contracts, is then 
marked-out by a fhrrow into two hemispheres, and is at last completely 
divided by the extension of this fission to the centre ; each half is again 
furrowed and then cleft in the same manner, and thus the entire yolk is 
broken up into a mass of segments (Fig. 170). This ^ segmentation’ 
takes place pari passu with the multiplication of the embryo-cells, each 
of which is surrounded by a distinct portion of the yolk ; and there 
seems every probability that it is determined by that multiplication, and 
that each cell of the pair that is formed by the duplicative subdivision of 
its predecessor, draws around itself its proper share of the nutritive 

* The researches of Bathke “ On the Development of the Snake,’’ 1839, and of the 
Tortoise, 1848, — of Kolliker (“Muller’s Archiv,” 1843, p. 68) and Bagge (“De 
Bvolut. Strongyli et Ascarid., Diss. Inaug.,” 1841) on the ova of — Kolliker’s 

Entwickelungsgeschichte des Menschen,” 1861, — those of v. Bar “On the Develop- 
ment of the Fish,” 1836, — those of Mr. Newport (“Philos. Transact.,” 1861) and 
Dug^s (“Becberches sur les Batraciens,” 1836) on the ova of Batrachia, — those of 
Bischoff (“ Entwickelungsgeschichte des Hunde-eies,” 1845) on the ova of the Bitch, — 
those of Remak on the Vertebrata (“ Untersneh. iiber die Entwickel. der Wirbelthiere,” 
Berlin, 1866), — of Reichert on the Guinea-pig (“ BeitrS-ge zur Entwickelungsgeschichte 
des Meerschweinchens”), Monatsbericht d. Akad. Berlin, 1860, — of Lenckart contained 
in Wagner’s Ilandworterbuch der Physiologie,” art. ‘Zeugung,’— of Allen Thomson in 
the art. * Ovum,* in the supplementary volume to Todd’s “ Cyclop, of Anatomy and 
Physiology,” 1869,— of Huxley in the Croonian Lecture for 1858, and in his “ Lec- 
tures on the Elements of Comparative Anatomy,” 1864, — and lastly of Coste (“Histoire 
G4n6r. et Partic. du Ddveloppement des Corps Organises,” 1847-1869) — are among the 
most valuable which we at present possess. 

t The embryo-cell has not yet b^n clearly made -out ii^ie Mammalian ovum ; but 
from the conformity of the sub^nent appearances to those which are seen in the ova of 
the lower animals, there is every reason to believe that the formation of either a com- 
plete cell, or of a nucleus having the same essential endowments, is a preliminary to 
the cleavage of the yolk. 
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material — ^Theae changes take-place, in the Mammalian Ovum, during its 
transit along the Fallopian tube to the uterus; so that, by the time ctf its 


Fig. 170. 

A Be 



Profirreasivo stages In the Sf‘gm«ntation qf th« Yolk of the Mammalian Ovum : — At Its first 
division into two halves ; b, subdivision of each half into two; o, further subdivision, produc- 
ing numerous segments. 

arrival there, the whole cavity of the Zona pellucida is occupied by 
minute spherules of yolk, each containing a transparent vesicle,* the 
aggregation of which gives it a mulberry-like aspect (Fig. 171, a); and 


Fig. 171. 

A B 



Later stage in the Segmenfatwn qf ike Yolk of the Mammalian Ovum at a is shown the 
‘mulberry-mass’ formed by the minute subdivision of the vitelline spheres; at b, a ftirther 
increase has brought its surface into contact with the vitelline membrane, against which the 
spherules are flattened. 

by a continuance of the same process of subdivision, the component seg- 
ments becoming more and more minute, the mass comes to present a 
finely “granular aspect (b). A rotation of the yolk at this period was 
observed by Dr. Ransom in the ova of the Gasterosteus, and was soon 
after noticed in the Pike by Reichert, in the Frog by Ecker, and subse- 
quently in the Rabbit and Guinea-pig by Bischoff. The cause of this 
singular movement is still unknown, and though Bischoff stated that he 
had seen cilia in the rabbit on the outer surface of the yolk, he was un- 
able to satisfy himself of their presence in the guinea-pig. 

♦ It is by no means o^ain that this resicle is a true coll in the Mammalian omm 
(as it seems clearly to be in the ovum of many of the lower animals), its appearance, 
when Ubemted from the yolk-granules which surround it, being rather that of a fat-, or 
oil-globule. 
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766. At this stage, it does not appear that the several segments of the 
yolk have a distinct enveloping membrane; but an envelope is now 
formed around each of them, converting it into a cell, of which the 
included vesicle constitutes the nucleus, and of which the portion of the 
yolk surrounding this forms the contents. This happens first to the 
peripheral portions of the mass ; and as its cells are fully developed, 
they arrange themselves at the surface of the yolk into a kind of mem- 
brane, and at the same time assume a pentagonal or hexagonal shape 
from mutual pressure, so as to resemble pavement-epithelium (Plate I., 
Fig. 6). As the globular masses of the interior are gradually converted 
into cells, they also pass to the surface and accumulate there, thus in- 
creasing the thickness of the membrane already formed by the more 
superficial layer of cells, while the central part of the mass remains occu- 
pied only by a clear fluid. By this means the exterior of the yolk is 
speedily converted into a kind of secondary vesicle, situated within the 
Zona pellucida, and named by Bischoff the blastodermic vesicle. This 
vesicle, very soon after its formation, presents at one point an opaque, at 
first hemispherical, but subsequently discoid mass (Plate I., Fig. 5), 
which is produced by an accumulation of the original segmentary spheres 
that have not yet been developed into cells like the rest of the yolk mass. 
The blastodermic vesicle increases rapidly in size, and becomes filled 
with fluid furnished by the uterus. When it has attained to f in the 
ovum of the Babbit, a round spot begins to be distinguished by its white 
opaque appearance ; this is the Area germinativa (Plate I., Fig. 6). The 
Area germinativa continually increases in extent and thickness by the 
formation of new cells; and subdivides into layers (Plate I., Fig. 7), 
which, although both at first composed of cells, soon present distinctive 
characters, and are concerned in very different ulterior operations. Whilst 
this is progressing the fine membrane covering and enclosing the blasto- 
dermic vesicle begins to show small mammillary eminences, whence the 
name which has been suggested for this membrane, of Chorion primitivum 
or Memhrana ovi externa. The ovum at this period, therefore, consists 
of the external villous membrane or primitive chorion ; of the blasto- 
dermic vesicle, composed of two layers ; and of the cellular yolk. The 
division of the blastodermic vesicle into two layers, is at first most 
evident in the neighbourhood of the Area germinativa ; but it soon 
extends from this point and implicates nearly the whole of the germinal 
membrane. The outer, or as it has sometimes been termed, the serous 
layer of the blastodermic vesicle, remains single, but the inner or mucous 
layer soon subdivides into two other laminae, of which the more external 
(sp, Fig. 172) is composed of several strata, whilst the internal (dd) 
resembles an epithelium, and is called the glandular layer. 

767. The Area Germinativa at its first appearance has a rounded 
form; but it soon loses this, first becoming ovd, and then pear-shaped 
(Plate II., Fig. 11). While this change is taking-place in it, there 
gradually appears in its centre a clear space, termed the area pellucida (a) ; 
and this is bounded externally by a more opaque circle, whose opacity 
is due to the greater accumulation of cells and nucM in that part than in 
the area pellucida. The first appearance of the embryonic structure, 
known as the primitive trace,, consists in a shallow groove (c, Plate II., 
Fig. 11, andPt?, Fig. 172), lying between two masses (^, Plate II., Fig. 11, 
and Rf and m, Fig. 172), known as the lamince dorsales, whose form 
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changes with that of the area pellucida, being at first oval, then pyri- 
form, and at last be- 
coming guitar-shaped ; Fig. 172. 

they also rise more and 
more from the surface 
of the area pellucida, 
so as to form two ridges 
of higher elevation, with 
a deeper groove between 



them ; and the sum- 
mits of these ridges tend 
to approach each other, 
and gradually unite from 
before backwards, so as 
to convert the groove 
into a tube. At the 


Transverse section throurfi the Embryo qf the CMok at 
the close of the first day of inenbatlon, magmfied about 100 
diameters : — ch, chorda dorsalis j h, external serous or oomeal 
layer; m, medullary portion of serous layer; Pv, primitive 
groove between the dorsal laminee and m ; dd, intestinal epi- 
thelial or glandular layer (raucous layer); wirp, prevertehral 
mass, in which the primary or protovertebr© are formed, and 
which is continuous with the middle lamina, ttp ; uwh^ fissure in 
the middle lamina, presenting the first indication of the pleuro- 
peritoneal cavity, and of the subsequent division of the middle 
lamina into two layers. 


same time, the anterior 


portion of the groove dilates into three recesses or vesicles (Plate II., 
Fig. 12, J), which indicate the position of the three principal divisions 
of the Encephalon, afterwards to be developed as the prosencephalon^ 
the mesencephalon^ and the epencephalon (§ 789). Of the three blasto- 
dermic layers, the upper or external one (Ji) furnishes by its median 
portion (i2/, m), the central parts of the nervous system, together with the 
higher organs of sense — sight, hearing, and smell; and by its lateral portion 
(A), which Kdlliker calls the corneal layer (hornblatt), the epidermis and all 
epidermic tissues. From the innermost layer, dd, the epithelial layers of the 
intestinal tube and of all the glands connected with it are developed ; whilst 


the middle layer, sp, at first simple, soon becomes divided into several strata, 
in which the bones, the muscles, the generative organs, and all vascular 


parts with the exception of the central nervous system, are developed. 
768. Before these new structures are produced, a very remarkable 


change takes-place in that part of the blastodermic vesicle which 
surrounds the area pellucida, the 

comeal or outermost lamina {af, Fig. 173. 


Fig. 173), uniting with a portion of 
the middle parietal layer (hp), 
and rising up on either side in two 
folds (Fig. 176, d, e) ; these gra- 
dually approach one another, and 
ultimately meet in the space be- 
tween the general envelope and 
the embryo, thus affording an addi- 
tional investment to the latter (Fig. 
174). As each fold contains two 
layers of membrane, the investment 
thus formed is double; of this, 
the outer lamina adheres to the 
general envelope ; wjplst the inner 
remains as a distinct sac, to which 
the name of Amnion is given. This 
takes-place during the third day in 
the Chick; the date at which it 



Transverse section of the Embryo qf 
Fowl at the beginning of f' ' 
incubation x 90 — 100 ; — ch, ^ 

tewh, position of a thinning or cavity in the pro- 
tovertebral mass, dividing it into an anterior 
and posterior portion; % parietal lamina; dlf, 
intestinal fibrous lamina; dd, intestinal glan- 
dular lamina; dr, primitive intestinal groove; 
Kf comeal lamina, (the line in the drawing ex- 
tending a little too far) ; mr, medullary tube 
(spinal cord) ; muscular lamina; ji, pleuro- 
peritoneal cavity ; aft fold of the amnios: oo, 
primitive aorta; re, vena cardinalis; Wolf- 
fian body ; ungt duct of the WolfAtm body. 
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oomm in the Human ovum is difficult to be ascertained, owing to the 
small number of normal is 5 )ecimens which have come under observation 

at a sufficiently early stage. A micro- 
scopic examination of the Amniotic mem- 
brane in the Human subject shows that it 
consists of an inner layer of tesselated epi- 
thelium, and an outer layer, which even 
at the fourth week presents spindle- 
formed corpuscles, and at the seventh 
week has become well-marked connective 
tissue. In some animals it is provided 
with muscular fibres, and performs dis- 
tinct movements ; but it never in any 
species possesses proper vessels. The 
Amnion is directly continuous with the 
skin of the embryo. 

769. As the development of the em- 
bryo progresses, the walls of the abdo- 
men and the coats of the intestines 
begin to be formed by the bending 
downwards and forwards of the lateral 
portions of the blastodermic vesicle. In 
Fig. 174, the mode of development of the 
abdominal cavity is seen, its parietes being 
formed by the external or parietal portion 
of the middle laminee (hp), whilst within 
it the deep groove of the intestines (d) ap- 
pears, the walls of which are composed of 
two laminse, the intestinal fibrous lamina 
{df)y and the intestinal glandular layer 
{d)j passing into the corresponding laminae of the blastodermic vesicle, which 
already form the vitelline sac. The incipient intestine is maintained in its 
place by the mesentery, which begins to be formed out of a prolongation 
of the mass lying in front of the chorda dorsalis, in which lie the now 
unsymmetrical aorta (so) and the cardinal vein (vc), and which is 
obviously only a thickened portion of the connecting band between 
the parietal lamina and the intestinal fibrous layer {rnpy Fig. 190) — 
— During the same period, a very important provision for the future 
support of the embryo begins to be made, by the development of 
Blood-vessels and the formation of Blood. Hitherto, the embryonic 
structure has been nourished by direct absorption of the alimen- 
tary materials supplied to it by the yolk ; but its increasing size, and the 
necessity for a more free communication between its parts than any 
structure consisting of cells alone can permit, call for the development of 
vessels through which the nutritious fluid may be conveyed. These 
vessels are first seen in that part of the Vascular lamina of the germinal 
membrane, which immediately surrounds the embryo. In their earliest 
stage of development these vessels appear as two arcus aortccy proceeding 
fix>m the anterior part of the heart, that, after a short course in the for- 
ward direction, bend downwards and backwards to unite in a single, short, 
unsymmetrical aortic tube, from which again two branches almost indme- 


Fw. 174. 



TranBveree seotion made throuirh the 
body of the Embryonic Fowl^ near the 
umbilionfl on the fifth day of incuba- 
tion:— Bheath of the chorda; A, 
corneal lamina ; am, amnios completely 
closed; «a, secondary aorta; oc, vcntc 
eardinalitt mo, muscular lamina: spinal 
ganglion ; anterior root of the spinal 
nerve ; hp, parietal lamina; up, prolon^- 
tion of the protovertebra into the abdo- 
minalwall(protovertebral laminaof Remak, 
visceral lamina of Reichert) ; bh, primitive 
wall of the abdomen, composed of the ex- 
ternal, serous, or corneal lamina, and of 
the parietal lamina; which 

the fibrous membranes of the intestines 
are developed; d, intestinal glandular layer. 
The mass around the chorda is that in 
Which the protovertebr© are developed ; it 
contains the vessels anteriorly, and in 
ftont, in the middle line, is prolonged as 
the mesentery. 
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diately arise, the arterice vertebrates posteriores, or primitive aort®. These, 
lying beneath the chorda dorsalis, extend to the posterior part of the body 
of the embryo, dividing ultimately into the omphalo-mesenteric, meseraic, 
or Vitelline vessels (Figs. 181, 182, 5^, r), which form a close network, 
bounded by a circular channel termed the Vena or Sinus terminalis. 
This network or vascular area (Plate II., Fig. 13) soon extends itself, 
and the vessels finally spread over the whole of the membrane that con- 


Fig. 175 . Fig. 176 . 



Fig. 176.— Plan of early Uterine Ovum. Within the external ring, or zona pelluclda, are 
the serous lamina, a; the yolk, b; and the Incipient embryo, c. 

Fig. 176.— Diagram of Ovum at the commencement of the formation of the Amnion .‘—a, cho- 
rion ; b, yolk-sac; c, embryo; d, and e, folds of the serous layer rising-up to form the amnion. 

tains the yolk. At the anterior part of the embryo the two extremities 
of the circular channel form the Vense omphalo-mesentertcce^ which dis- 
charge their contents into the back part of the heart. — At this period 
the Yolk-sac is entirely separated in the Mammalia, by a constriction 
of the portion which is continuous with the abdomen of the embryo 
(Fig. 180, b ) ; and it is known from that time under the name of the 
Umbilical Vesicle (Plate I., Fig. 10, i). The communication, however, 
remains open for a time through the ‘ vitelline duct and even after this 
has been cut-off, the trunks which connect the circulating system of the 
embryo with that of the vascular area are discernible. The two first 
veins, then, that are developed, are the yen89 omphalo-mesentericas, which 
belong not to the body of the embryo itself, but to the germinal area, and 
open by a short tube common to both into the posterior extremity of the 
Heart (Fig. 177, i, om). Subsequently by the extension of their 
branches over the yolk-sac they become the vitelline vessels, still 
opening by two veins into the heart. With the formation of the 
intestine, however, the vessel of the right side disappears, the left alone 
remaining (Fig. 177, 2, om"\ which is soon joined by a small mesen- 
teric vessel from the intestine (Fig. 177, 3, m). Before this is accom- 
plished, however, the Allantois hi been developed, from whicb 
Vense umbilicales pass forwards and open into the common trunk of the 
Venae omphalo-mesentericae (Fig. 177, i, wV').. The Venae umbilicalefl 
rapidly increase in size, preponderating so much over the only remain- 
ing Venae omphalo-mesenterica, into which they originally discharged 
their contents, that the latter now appears to be merely a tributary 
branch. As the Liver becomes developed it surrounds the trunk of 
the umbilical vein (Pig. 177, 3), which soon forms a twofold system 
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of tubes within that gland, the one conveying the blood to the liver, the 
VeE» hepatic© advehentes; the others return the blood from the 

gland substance to the um- 
Fio. 177. bilical vein again, constitute 



z 



ing the Ven© hepatic© reve- 
hentes. The right umbilical 
vein now disappears, and the 
blood returning from the pla- 
centa altogether traverses the 
left vein, which soon takes up 
a median position ; the re- 
mains of the omphalo-mesen- 
teric vessel (otw, Fig. 177, 
4 ), together with branches 
(m) derived from the intes- 
tine, ultimately come to open 
into the right Vena hepatica 
advehens of the umbiKcal 
vein, and thus constitute 
the origin of the portal 
vein. That portion of the 
umbilical vein which lies 
between the two systems of 
hepatic branches just men- 
tioned, remains throughout 
the whole of foetal life, and 
is termed the Ductus venosus 
Arantii. It was formerly 
believed that the nutrient 


Diagram of the formation of the Vence Omphalo-mesen- 
tericce and UmbiUcaleg: — 1. At the time of the first 
appearance of the umbilicales and 'the commencement of 
tne omphalo<mesenteric£e. 2. At the time of the first 
appearance of the branches to and from the liver, and the 
diminution of the omphalo-mesentoric vessels. 3, 4. At 
the period of complete foetal circulation in 1, omphalo- 
xnesenterio trunk ; m 2, 3, remains of it : in 4, vein of the 
yolk'Sao aJone; <m' right and om" left vena omphalo- 
mesenteriose ; u, trunk of the umbilical vein ; u right 
and u" left vena umbilicalis; do, ductus Cuvieri; 

ju^laris; c, cardinalis ; I, liver; ha, hepaticse advehentes; 
hr, nepaticie revehentes; tn, mesentericse ; da, ductus 
venosus Arantii; ci, cava inferior; p, vena portee ; I, licna* 
Us ; m, meseuterica superior. 


matter of the yolk passes 
directly through the vitelline 
duct, into the (future) di- 
gestive cavity of the embryo, 
and is from it absorbed into 
its structure ; but there can 
now be little doubt, that the 
vitelline vessels are the real 
agents of its absorption, and 
that they convey it through 


the general circulating system, 
to the tissues in process of formation. They correspond, in fact, to the 
Mesenteric veins of Invertebrated animals, which are the sole agents in 
the absorption of nutriment from their digestive cavity ; and the blasto- 
dennic vesicle is to be regarded as the temporary stomach of the embryo, 
—remaining as the permanent stomach in the Radiated tribes.* 


* Previously to the ninth day of incubation (in the Fowl’s egg), a series of folds are 
formed by the lining membrane of the yolk-bag, which project into its cavity ; these 
become gnulually deeper and more crowded, as the bag diminishes in size by the absorp- 
tion of its contents. The vitelline vessels that ramify upon the yolk-bag, send into these 
folds (or valvulBB conniventes) a series of inosculating loops, which immensely increase 
the extent of this absorbing apparatus. But these minute vessels are not in immediate 
contact with the yolk ; for there intervenes between them (as was first noticed by Mr. 
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770. The first rudiment of the Hearty which is the earliest of the per- 
manent organs of the embryo that comes into functional activity, consists 
of an aggregation of cells, forming a thickening of the fibrous coat of the 
anterior portion of the intestinal canal ; the innermost cells of which 
becoming detached, float in the newly-formed cavity as the first blood- 
corpuscles, whilst the outer remain to constitute its walls. For a long 
time after it has distinctly commenced pulsating, and is obviously exerting 
a contractile force, its walls obviously retain the cellular character, and 
only become muscular by a progressive histological transformation. The 
first appearance of the Heart in the Chick is at about the 27th hour ; the 
time of its formation in Mammalia 
has not been distinctly ascertained. 

In its earliest form, it has the same 
simple character which is presented 
by the central impelling cavity of 
the lower Invertebrata; being a mere 
prolonged canal, which at its pos- 
terior extremity receives the veins, 
and at its anterior sends-forth the 
arteries. About the 15- 18th day 
in the Human Embryo it becomes 
doubly bent upon itself (Plate II., 

Fig. 13, d, and Fig. 178, a, b), one 
loop corresponding to the arterial, the 
other to the venous portion. After 
this, two slight enlargements (U) 
are observed in the venous bend ; 
and the arterial bend separates into two parts by a long line of 
division. The two enlargements represent the auricles, and receive the 
ven® omphalo-mesentericro (a). Above,'they open into the atrium (c), which 
leads to the right ventricle (d), and this again into the bulbus aortas. 
The circulation is at first carried-on exactly upon the plan which is per- 
manently exhibited by Fishes. The Aorta subdivides on either side of 
the neck into five or six arches (Figs. 181, 182, e, e', e"), which are 
separated by fissures much resembling those forming the entrances to the 
gill-cavities of Cartilaginous Fishes ; and these arches re-unite to form 
the descending aorta, which transmits branches to all parts of the body. — 
Such is the first phase or aspect of the Circulating Apparatus, which is 
common to all Vertehrata during the earliest period of their development, 
and which may, therefore, be considered as its most general form. It 
remains permanent in the class of Fishes ; and in them the vascular system 
undergoes further development on the same type, a number of minute 
tufts being sent-forth from each of the arches, which enter tlie filaments 
of the gills, and are thus subservient to the aeration of the blood. In 

Dalrymple) a layer of nucleated cells, which is easily washed away. (See Dr. Baly s 
Translation of “ Muller’s Physiology,” pp. 1657-1669. ) It was from the colour of these, 
communicated to the vessels beneath, that Haller termed the latter vcm lutea ; when 
the layer is removed, the vessels present their usual colour. There seems good reason 
to believe that these cells, lihe those of the Intestinal Villi in the adult (§ 106), are the 
real agents in the process of absorbing and assimilating the nutritive matter of the yolk ; 
and tlmt they deliver this up to the vessels, by themselves undergoing rapture or dis- 
solution, being replaced by new layers. 


Fia. 178. 


A B 



A. Heart of the JEmbryo qfa Rabbit seen from 
before : — ta, truncus arteriosus ; I, left ventricle ; 
r, right ventricle ; a, auricle ; venous sinus. 

B. The same heart seen from behind a, venaa 
omphalo-mesenterioBB ; d, right auricle ; e, bul- 
bus aortic ; /, the six aortic arches; o, atrium ; 
A auriculae. 
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Vertebrata, however, the plan of the circulation is afterwards 
entMy changed, as will be presently described, by the formation of new 
cavities in the heart, and by the production of new vessels ; it is incorrect 
therefore, to speak of the vascular arches in their necks as branchial 
arches, since no branchise or gills are ever developed from them. The 
clefts between them may be very distinctly seen in the Human Fcetus 
towards the end of the first month ; during ihe second, they usually close- 
up and disappear. 

771. With the evolution of a Circulating apparatus, adapted to absorb 
Fw. 179. Fig. 180. 



Fig. 179.-~Diafpatn of an e«r\y Human Ovum, showing the Amnionin process of formation 
and the Allardoin beginning to appear ; — a, chorion ; 6, vitelline mass surrounded by the 
blastodermic vesicle ; c, embrjro ; d, e, and/, external and internal folds of the serous layer, 
forming the amnion ; g, incipient allantois. 

Fig. 180.— -Diagram of a Human Ovumin second month, showing the completion of the sac 
of the Amnion, and a fhrther development of the Allantois :—~a 1, smooth portion of chorion; 
a 2, villous portion of chorion ; k, k, elongated villi, beginning to collect into Placenta ; b, 
vitelline or umbilical vesicle; c, embryo ;/, amnion (inner layer) ; g, allantois ; h, outer layer 
of an^pion, coalescing with chorion. 

nourishment from the store prepared for the use of the Embryo, and to 
convey it to its different tissues, it becomes necessary that a Respiratory 
apparatus should also be provided, for depurating the blood from the 
carbonic acid with which it becomes charged during the course of its 
circulation. The temporary Respiratory apparatus now to be described, 
bears a strong resemblance in its own character, and especially in its 
vascular connections, to the gills of the MoUusca ; which are prolonga- 
tions of the external surface (usually near the termination of the intestinal 
canal), and which almost invariably receive their vessels from that part 
of the system. This apparatus, which is termed the Allantois^ sprouts- 
forth from the anterior and lower part of the wall of the belly of the 
embryo, at first as a little mass of cells, which soon exhibits a cavity 
(probably originating in the liquefaction of the cells of the internal part), 
so that a vesicle is formed (Figs. 179, 180, g)^ which looks like a diverti- 
culum from the lower part of the digestive cavity. This vesicle, in Birds, 
has been shown by Vulpian* to be possessed of a distinct contractile power, 
and soon becomes so large as to extend itself around the whole yolk-sac, 
intervening between it and the membrane of the shell, and coming through 
the latter into relation with the external air ; but in the embryo of Mam- 

* ** Journ. de la Physiologie,’* tom. i, p. 619 et scq. 
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malia, the allantois, being early superseded by another provision for the 
aeration of the blood, seldom attains any considerable dimensions. Its 
chief office here is to convey the vessels of the embryo to the Chorion ; 
and its extent bears a pretty close correspondence with the extent of sur- 
ffice through which the Chorion comes into vascular connection with the 
decidua. Thus, in the Carnivora, whose placenta extends like a band 
aroimd the whole ovum, the allantois also lines nearly the whole inner 
surface of the chorion ; on the other hand, in Man and the Quadrumana, 
whose placenta is restricted to one spot, the allantois is small, and conveys 
the foetal vessels to one portion only of the chorion. When these vessels 
have reached the chorion, they ramify in its substance, and send filaments 
into its villi ; and in proportion as these villi form that connection with 
the uterine structure which has been already described (§§ 744, 745), do 
the vessels increase in size. They then pass directly from the foetus to 
the chorion ; and the allantois, being no longer of any use, shrivels-up, 
and remains as a minute vesicle only to be detected by careful examina- 
tion. The same thing happens in regard to the umbilical vesicle, from 
which the entire contents have been by this time withdrawn ; and from 
henceforth the footus is completely dependent for the materials of its growth 
upon the supply it receives through the Placenta, which is conducted to 
it by the vessels of the umbilical cord. This state of things is represented 
in Figs. 181, 182, n ri', o o '. — The Allantois is commonly said to give 
origin to the Urinary Bladder ; but this organ is really formed by an 
enlargement of the upper part of the uro-genital sinus (§ 781), with which 
the allantois communicates by a duct which gradually shrivels, only a 
vestige of it remaining permanent, to form the Urachus or suspensory 
ligament of the bladder, by which this is connected with the umbilicus. 
Before this takes-place, however, the Allantois is the receptacle for the 
secretion of the Corpora Wolffiana, and also for that of the true Kidneys, 
when they are formed (§ 779). 

772. It will be seen from the succeeding diagram, that the Amnion 
forms a kind of tubular sheath around the umbilical cord; it is continuous 
at the umbilicus with the integument of the foetus ; and at the point 
where the cord enters the placenta, it is reflected over its internal or 
foetal surface. It thus forms a shut sac, resembling that of the pleura, 
arachnoid, &c. ; and it contains a fluid, known as the liquor amnii^ which 
consists of water holding in solution a small quantity of albumen and 
saline matter, and resembling, therefore, very diluted serum. During 
the first two months of gestation, the amnion and the inner lining of the 
chorion (which is really tlie reflected layer of the amnion. Fig. 180, hy 
just as the lining of the abdominal cavity is formed by the peritoneum) 
are separated by a gelatinous-looking substance ; which probably aids in 
the nutrition of the embryo, previously to the formation of the placenta. 
This is absorbed during the second month ; and the amnion is then found 
immediately beneath the chorion. — In the Umbilical Cord, when it is 
completely formed, the following parts may be traced. 1. The tubular 
sheath afforded by the Amnion. 2. The Umbilical Vesicle (Fig. 181, f) 
with its pedicle, or vitelline duct. 3. The Vasa Omphalo-Meseraica (g, r), 
or mesenteric vessels of the embryo, by which the yolk was absorbed into 
its body; these accompany the pedicle. 4. The Urachus, and remains of 
the Allantois. 5. The Vasa Umbilicalia (w w, o), which, in the later 
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period of gestation, constitute the chief part of the CJord, These last 
vessels consist in Man of two arteries and one vein. The arteries are 
the main branches of the Hypogastric ; and they convey to the placenta 
the blood which has to be aerated and otherwise revivified, by being 
brought into rehition with that of the mother. The vein returns this to 
Pio. 181. Fig. 182. 



Fig. 181. — Diagram of the Circulation in the Human ’Etribryo and its Appendages, as seen 
in jprofile from the right side, at the commencement of the formation of the Placenta. 

Fig. 182.— The same, as seen from the front o, venous sinus, receiving all the systemic 
veins; 6, right auricle; 6', left aunetc; e, right ventricle; c',lcft ventricle: rf, bulbus aorticus, 
subdividing into e, e, e", branchial arches; f,.f, arterial trunks formed by their eonfluence; 

y, a', vena azygos superior; A, h', confluenee of the superior and inferior azygos; A vena cava 
inferior; k, k\ vena azygos inferior; w, descending aorta; n, n, umbilical arteries proceeding 
from it ; o', o, umbilical veins ; q, oraphalo-mesenteric vein ; r, omphalo-mesenteric artery, 
distributed on the walls of the vitelline vesicle, t ; v, ductus venosus ; y, vitelline duct ; 

z, chorion. 

the foetus, and discharges a part of it into the Vena Portae, and a part 
directly through the Ductus Venosus into the Vena Cava. 

773. A change in the type of the Circulating system of the foetus, from 
that at first presented by it (§ 769), takes-place at a very early period. 
Between the fourth and eighth week the venous portion of the heart 
becomes much enlarged, and a septum begins to be formed which gradually 
divides the single ventricular cavity into two, the separation being com- 
pleted at the seventh week. The septum of the auricles commences in 
the eighth week, but remains incomplete throughout the whole of foetal 
life, the opening being termed the foramen ovale. Contemporaneously 
with the formation of these septa, a transformation occurs in the arrange- 
ment of the Arterial trunks proceeding from the heart, which ends in their 
assumption of the form they present until the end of Foetal life ; and this 
undergoes but a slight alteration, when the plan of the circulation is 
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changed at the moment of the first inspiration. The number of aortic 
arches on each side, which was five at first, soon becomes reduced in the 
Mammalia to three, by the obliteration of the two highest pairs. The 
Bulbus Aorticus is subdivided by the adhesion of its walls at opposite 
points into two tubes, of which one becomes the origin of the aorta, and 


1 



Fia. 188. 

c‘ c' c‘ C' O' C' 



1. Truncm arteriosua with one pair of aortic arches, and dotted outlines indicating the 
future position of the second and third pairs. 2. Truncm arteriosm with four pairs of aortic 
arches and indications of the fifth. 3. Truncm wrterioam with the three posterior pairs of 
aortic arches, from which the permanent vessels of the embryo are developed, with dotted 
outlines showing the position of the two (now) obliterated anterior arches. 4. Permanent 
arterial trunks m their primitive form, the obliterated portions still shown in dotted outline. 
1—6, primitive aortic arches; a, aorta; p, pulmonary artery; y, branches to the lungs; 
«w', root of thoracic aorta {ad) on left side ; euw^ obliterated root springing from right side ; 

subclavian artery; r, vertebral; oar, axillary; c, common carotid; e', external carotid; 
c", internal carotid. 


the other that of the pulmonary artery, and of the three remaining pairs 
of vascular (branchial) arches ; the third being connected with the aortic 
trunk, contributes, with portions of the two highest pairs, to the formation 
of the external and internal carotid arteries ; whilst of the second pair, 
the arch on the right side forms the innominate and the beginning of the 
right subclavian, and the other becomes the arch of the aorta, and con- 
tributes to form the left subclavian. The lowest pair is entirely oblite- 
rated on the right side. On the left it gives-oft the pulmonary artery, 
and remains throughout fcctal life, in communication with the aorta, as the 
Ductus Arteriosus.* — A knowledge of these different stages in the deve- 
lopment of the Heart and Arterial system enables us to explain many of 
the malformations which they occasionally present in Man ; these being 
for the most part due to arrest of development, whereby the circulating 
apparatus is permanently fixed in conditions that are properly charac- 
teristic of cold-blooded animals. And it is interesting to remark, too, that 
the varieties which not unfrequently present themselves in the arrange- 
ment of the principal trunks. given-off from the Aorta, find their analogues 
in the arrangements that are normally characteristic of some or other of 
the Mammalia. 

774. The Venous system of the body generally, undergoes changes which 
are even more remarkable than those of the arterial trunks. In its 
earliest condition, it has been ascertained by Eathkef to present essentially 
the same type in the embryoes of all Vertebrated animals ; the peculiari- 
ties of each group being acquired by a process of subsequent transforma- 
tion. There is at first a pair of anterior venous trunks (Figs. 1 8 1 , 1 82 , /), 

receiving the blood from the head, and a pair of posterior trunks (fc, 

* Koliiker, “ Entwickelungsgeschichte des Mensclien,” p. 409. 

+ Ueber den Ban und die Entwickelung des Venensystems der Wirbelthiere,” 1888. 

3 F 2 



804 


OP generation: — ^embryonic development. 


formed by tbe confluence of the veins of the trunk, of the Woffian bodies, 
&c. ; the former are persistent as the jugular veins ; the latter remain 
separate in most Fishes, where they are designated the cardinal veins; but 
in Man (as in warm-blooded Vertebrata generally), they are only repre- 
sented by the vence azygos^ major and minor,* which coalesce into a com- 
mon trunk for a considerable part of their length. One of the anterior 
trunks and one of the posterior unite on either side, to form a canal which 
is known as the Ductus Cuvieri ; and the ducts of the two sides coalesce 
to form a shorter main canal, which enters the auricle, at that time an un- 
divided cavity. This common canal is absorbed into the auricle at an 
early period, in all Vertebrata above Fishes ; and after the septum auri- 
culorum is formed, the two Cuvierian ducts separately enter the right 
auricle. This arrangement is persistent in Birds and the inferior Mam- 
mals, in which we find two Venae Cavae superiores, entering the right 
auricle separately ; but in the higher Mammalia and in Man, the left duct 
is obliterated, and the right alone remains as the single Vena Cava superior, 
a transverse communicating branch being formed, to bring to it the 
blood of the left side.j* The double Vena Cava sometimes presents itself 
as a monstrosity in the Human subject. As the anterior extremities are 
developed, the subclavian veins are formed to return the blood from them ; 
and these discharge themselves into the jugulars. The Omphalo-Mesen- 
teric vein (Fig. 181, ^), which has been already (§ 7G9) shown to be 
formed by the confluence of the veins of the yolk-bag and intestinal canal, 
passes by itself, with the two Cuvierian ducts, into the auricle. The 
upper part of this remains to constitute the upper part of the Inferior 
Cava (Figs. 181, 182, ^‘), the lower portion of which arises between the 
Wolffian bodies, and originally enters the omphalo-mesenteric vein 
above the liver. The Inferior Cava, which receives the hepatic vein, is 
gradually enlarged by the reception of most of the veins from the in- 
ferior part of the trunk and tlie lower extremities, and the Vena 
Azygos is reduced in the same proportion ; in some rare cases of 
abnormal formation, however, the vena cava fails to be developed, and 
then the blood from the lower parts of the body is conveyed to the 
superior cava through the system of the vena azygos. 

775. The following is the course of the Circulation in the mature 
Foetus. — The fluid liought from the Placenta by the umbilical vein, 
is partly conveyed at once to the ascending Cava by means of the 
ductus venosus, but chiefly flows through the vena portae into the 
Liver, whence it reaches the ascending Cava by the hepatic vein. 
Having thus been transmitted through the great depurating organ, 
the Placenta, and the great assimilating organ, the Liver, J it is in 
the condition of arterial blood ; but, being mixed in the great vessels 
with that which has been returned from the trunk and lower extremi- 
ties, it loses this character in some degree, by the time that it arrives 

* See Miiller’s ** Vergleichende Anatomie der Myxinoiden,” Berlin, 1840. 

*t* See the elaborate Memoirs ^ On the Development of the Great Anterior Veins 
Man and Mammalia’ (** Phil. Trans.,” 1850), by Mr. J. Marshall ; who has farther 
diovm that some vestiges of the original arrangement may be traced even in the normal 
condition of the venous system in the adult. 

Z It does not seem probable that the depurating action of the Liver can be energeti- 
cally performed during foetal life ; and its large dimensions and copious supply of blood 
appear rather to be referable to its function as a Mood-making gland (§ 156). 
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at the Heart. In the right auricle, 
which it then enters, it would be 
also mixed with the venous blood 
brought thither by the descending 
Cava; were it not that a very 
curious provision exists to prevent 
(in great degree, if not entirely) any 
such further dilution. The Eusta- 
chian valve has been found, by the 
experiments of Dr. J. Eeid,* to 
serve the purpose of directing the 
arterial blood, which flows upwards 
from the ascending Cava, through 
the foramen ovale, into the left 
auricle, whence it passes into the 
left ventricle ; whilst it also directs 
the venous blood, that has been 
returned by the descending Cava, 
into the right ventricle. When the 
ventricles contract, the arterial 
blood which the left contains is 
propelled into the ascending Aorta, 
and supplies the branches that pro- 
ceed to the head and upper extre- 
mities, before it imdergoes any ad- 
mixture ; whilst of the venous 
blood contained in the right ven- 
tricle, part is transmitted by the 
Pulmonary artery to the lungs, 
but another (and probably by far 
the larger) part finds its way 
through the Ductus Arteriosus into 
the descending Aorta, mingling with 
the arterial current which that 
vessel previously conveyed, and 
passing thus to the trunk and lower 
extremities. Hence the head and 
superior extremities, whose deve- 
lopment is required to be in advance 
of that of the lower, are supplied 
with blood nearly as pure as that 
which returns from the placenta; 
whilst the rest of the body receives 
a mixture of this with what has 
previously circulated through the 


Fia. 184. 
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the descending Aorta, mingling with , . piapam of thaF^fai The um- 

, i. • 1 / 1 • 1 ° ^ bilical cord, consisting of the umbilical vein and 

tne arterial current wnicn that two umbilical arteries, proceeding from the jpla- 

vessel nreviouslv conveved and umbilical vein dividing hito 

prtjviuusiy cuiiyeyeu, ana three branches ; two (<1, 4) to be distributed to 

passing thus to the trunk and lower the liver, and one (6), the ductus venosus, which 

extremities. Hence the head and 

superior extremities, whose deve- ing with the right hepatic branch S. The right 

, 1 .L 1 • 1 auricle ; the course ot the blood is denoted by the 

lopment is required to be in advance arrow proceeding from a, to 9, the left auricle, 

nf fhnt nf fViP lowpr nrp Hiirtrilipd The left ventricle; the blood following the 

01^ tnat oi tne lower, are suppiiea ^ ^^a (ii). to be distri- 

with blood nearly as pure as that buted through the branches given-off bv the arch 

. to the head and upper extremities. The arrows 
which returns from the placenta , 12 and is represent the return of the blood from 

whilst the rest of the body receives "Pp®' exfremities through the jugu- 

a mixture of this with what has cava (14), to the right auricle (8), and In the 
previously circulated through the M 

ductus arteriosus, which appears to be a propet 
continuation of the pulmonary art^ ; the oStets at each side are the right and left pulmonary artenea 
cut off. The ductus arteriosus joins the descending aorta (18, 18), which divides into the common 
Uiacs, and these into the intern^ lilacs, which become the umbilical arteries (19), and return the blood 
along the umbilical cord to the placenta, and the external iliacs (20), which are continued into the 
lower extremities. The arrows at the termination of these vessels mark the return of the venous blood 
by the vems to the inferior cava. 

* '^Edinb. Med. and Surg. Journal,** vol. zUiL; and *^Anat., Pbydol., and Fatbol. 
Eesearcbes,’* chap. ix. 
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flyatem ; and of this mixture a portion is transmitted to the placenta, 
to be renovated by coming into relation with the maternal fluid. — 
At birth, the course of the current is entirely changed by the cessation 
of the circulation through the Placenta, and by the enormous increase 
in the quantity transmitted to the Lungs, which takes-place imme- 
diately on the first inspiration : the Ductus Venosus and Ductus Arte- 
riosus soon shrivel into ligaments ; the Foramen Ovale becomes closed 
by its valve; and the circulation, which was before carried on upon 
the plan of that of the higher Reptiles, now becomes that of the com- 
plete Bird or Mammal.* It is by no means unfrequent, however, for 
some arrest of development to prevent the completion of these changes ; 
and various malformations, involving an imperfect discharge of the func- 
tion, may hence result. From the above description it is obvious that the 
chief propelling power in the circulation of the Foetus is the right heart ; 

the force of the left heart 


Fig. 185. 



Embryo of Dog^ 25 days after last copulation a, a, nostrils ; 
b. eyes j c, c, first visceral arches, forming the lower jaw • 
d, df second visceral arches; e, right auricle;/, lett auricle; 
g, right ventricle; A, left ventricle; *, aortic bulb; k, k, liver. 
Detween the two lobes of which is seen the divided orifice of 
the omphalo-raesenteric vein ; I, stomach ; m, intestine, comrau- 
cicating with the umbilical vesicle, nn; o, o, corpora Wolffiana; 
p, alhmtois; g, q, anterior extremities; r, r, posterior extre- 
mities. 


being chiefly spent in 
effecting a due supply of 
blood to the head and 
upper extremities : and 
a curious observation of 
Langerj* is in accordance 
with this view, for he has 
shown that the walls of 
the right ventricle in the 
foetus are as thick as 
those of the left, whilst 
those of the right auricle 
are even thicker and more 
muscular than those of 
the left auricle. This 
condition lasts for some 
days after birth, when 
the left heart gradually 
attains the superiority in 
thickness which is usual 
in adults. 

776. The Alimentary 
Canal has been shown 
(§ 769) to have its origin 
in the blastodermic vesi- 
cle ; being a portion 


* It has been argued by Dr. Peaslee (of Dartmouth College, U.S.), that the above 
account is incorrect, since the diameter of the Ductus Arteriosus is so small in propor- 
tion to that of the Pulmonary arteries, that it can serve no other purpose than that of 
a * waste-pipe* to carry-off the superfluous blood which they cannot receive. But he 
supposes the amount of blood transmitted through these vessels respectively, to be 
chiefly or entirely determined by their respective diameters ; and takes no account of 
the numerous facts which prove that the quantity of blood transmitted to the lungs 
before birth, is extremely small in proportion to that which they receive so soon as the 
respiratory function is fully established. See his * Monograph on the Foetal Circulation,* 
in “American Medical Monthly,” May, 1854. 

+ *Zur Anatomie der Fdtalen Kreislauforgane,’ “Zeits. der Gesell. d. Wien,** xiii. 
p. S28. 
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pincbed-off (aa it were) from that part of it which is just beneath the 
spinal column of the embryo, whilst the remainder, which is at that time 
the largest part of it, forms the vitelline or umbilical vesicle. In its earliest 
form it is merely a long narrow tube (Fig. 185, m), nearly straight, and 
communicating with the umbilical vesicle (/i, n) at about the middle of 
its length ; thus it may be regarded as composed of the imion of two 
divisions, an upper and a lower. At first, neither mouth nor anus exists ; 
but these are formed early in the second month, if not before. The tube 
gradually manifests a distinction into its special parts, oesophagus, stomach, 
small intestine, and large intestine ; and the first change in its position 
occurs in the stomach, which, originally disposed in the line of the body, 
afterwards takes an oblique direction. The curves of the large. and 
small intestine present themselves at a later period. It is at the lower 
part of the small intestine, near its termination in the large, that the 
entrance of the vitelline duct persists ; and a remnant of this canal is 
not unfrequently preserved throughout life, in the form of a small pouch 
or diverticulum from that part of the intestine. 

777. In immediate connection with the intestinal tube, we find the 
first rudiment of the Liver^ which is formed in the third week by the 
thickening of the cells in the wall of the canal, at the spot at which the 
hepatic duct is subsequently to discharge itself. This thickening increases, 
so as to form a projection upon the exterior of the canal; and soon after- 
wards the lining membrane of the intestine dips- down into it, so that a 
kind of csecum is formed, surrounded by a mass of cells, as shown in 
Fig. 186. The increase of the organ seems to tiike-jdace by a continual 
new budding-forth of cells from its peripheral portion ; and a consider- 
able mass is thus formed, before the ca3cum in its interior undergoes any 
extension by ramifications into it. Gradually, however, the cells of the 
exterior become metamorphosed into fibrous tissue for the investment of 
the organ ; those of the interior break-down into ducts, which are deve- 
loped in continuity with the caecum derived from the intestine, and which 
are lined by muscular and fibrous tissues developed from the primitive 
cellular blastema ; whilst those which occupy the intervening space, and 
which form the bulk of the 
gland, give origin to the proper 
secreting cells, which are now to 
come into active operation. As 
this is going-on, the hepatic 
mass is gradually removed to a 
distance from the wall of the 
alimentary canal ; and the 
caecum is narrowed and length- 
ened, so as to become a mere 
connecting pedicle, forming, in 


Fio. 186. 



fact, the main trunk of the the the inteetinal wall, in the 

hepatic duct. — In the Human embryo of the Fowl, on the fourth day of incubation : 

^ ^ I* xu — heart; h, intestine: c, everted portion giving 

embryo, the lormation Oi the origin to liver J d, Uver; e, portion of viteUlue vesicle. 

Liver begins at about the 

third week of intra-uterine existence ; the organ is from the first 
of very large size, when compared with that of the body ; and between 
the third and the fifth wee^, it is one-half the weight of the entire 
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embryo. It is at that period divided into several lobes. By the 
third lunar month, £he liver extends nearly to the pelvis, and ^most 
fills the abdomen ; the right side now begins to gain upon the left ; the 
gall-bladder makes its first appearance at this time. The subsequent 
changes chiefly consist in the consolidation of the viscus, and the diminu- 
tion of its proportional size. Up to the period of birth, however, the 
bulk of the liver, relatively to that of the entire body, is much greater 
than in the adult ; the proportion being as 1 to 18 or 20 in the new- 
born child, whilst it is about 1 to 36 in the adult ; and the difference 
between the right and left lobes is still inconsiderable. During the first 
year of extra-uterine life, however, a great change takes place ; the right 
lobe increases a little or remains stationary, whilst the left lobe under- 
goes an absolute diminution, being reduced nearly one-half; and as, 
during the same period, the bulk of the rest of the body has been rapidly 
increasing, the proportion is much more reduced during that period, 
than in any subsequent one of the same length. According to Meckel, 
the liver of the newly-born infant weighs one-fourth heavier than that 
of a child eight or ten months old ; and as the weight of the whole 
body is more than doubled during the same time, it is obvious that 
the change in the proportion of the two must be principally effected 
at this epoch. The liver seems to be engaged, during foetal life, in the 
depuration of the blood (as appears from the accumulation of meconium, 
which is chiefly altered bile, in the intestinal canal at birth) ; but 
at the same time it is serving as a blood-making organ (§ 156), and 
this is probably its principal function before birth. The general history 
which has just been given of the development of the Liver, seems 
equally applicable to the other glands that are evolved from the parietes 
of the Alimentary canal, such as the Salivary glands and Pancreas ; 
since they all seem to commence in little masses of cells, formed by 
an increased development, at certain spots, of the layer of blastema 
which originally constitutes its wall ; and whilst some of these cells give 
origin to the proper vesicles of each gland, others form its ducts and 
tubuli by their deliquescence. — The development of the Spleen and of 
the Supra-Eenal, Thymus, and Thyroid bodies, has been already described 
(§§ 131-136). 

778. The lAings are also developed in immediate relation with the 
upper part of the Alimentary canal, their first rudiments shooting-forth 

as a pair of bud-like processes 
^ Fig. 187. (Fig. 187, a) from its oesophageal 



First appearance of the Zung$ ; — o, in a Fotol at 
four days ; in a Fowl at six days ; termination of 
hronohuB in a very young 


portion. These were originally 
described by Von Bar as hollow, 
and as being in reality diverticula 
from the tube itself. But most 
later observers agree in stating 
that the bud-like processes are 
not at first hollow, but are solid 
aggregations of cells, formed by a 
multiplication of the cells consti- 
tuting the external wall of the ali- 


mentary tube, into which its inter- 
nal tunic is not prolonged. These gradually increase in size, extending 
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downwards by the multiplication of their component cells in that direction; 
and cavities are formed in them (probably, as in the preceding instances, 
by the deliquescence or fusion of some of the cells of their interior), 
which at first communicate with the pharynx by separate apertures ; 
these, however, coalesce into one, as the channels are elongated into 
tubes, and the pulmonary organs are removed to a distance from their 
point of exit. — The first appearance of the Lungs, in the Human embryo, 
takes-place at about the 6th week, at which time they are simple eleva- 
tions of the external layer of the oesophageal wall ; from this, however, 
they are soon removed ; each rudimentary lung having its own bronchial 
tube, connecting it with a trachea common to both (Fig. 187, &). Their 
surface becomes studded with numerous little wart-like projections, which 
are caused by the formation of corresponding enlargements of their cavity ; 
these enlargements soon become prolonged, and develope corresponding 
bud-like enlargements from their sides ; and in this manner the form of 
the organs is gradually changed, a progressive increase in their bulk 
taking-place from above downwards, in consequence of the extension of 
the bronchial ramifications of the single tube at the apex. At the same 
time, however, a corresponding increase in the amount of the parenchy- 
matous tissue of the lung is taking-place ; for this is deposited in all the 
interstices between the bronchial ramifications, and might be compared 
with the soil filling-up the spaces amongst the roots of a tree. It is in 
this parenchyma that the pulmonary vessels are distributed ; and the 
portion of it which extends beyond the terminations of the bronchial 
tubes, seems to act as the nidus for their further extension. It can be 
easily shown that, up to a late period of the development of the lungs, 
the dilated terminations of the bronchi constitute the only air-cells 
(Fig. 187, c) ; but, as already mentioned, the parenchyma subsequently 
has additional cavities formed within it. — It is a fact of some interest, as 
an example of the tendency of certain diseased conditions to produce 
a return to forms which are natural to the foetal organism, or which 
present themselves in other animals, that up to a late period in the 
development of the Human embryo, the lungs do not nearly fill the 
cavity of the chest, and the pleura of each side contains a good deal of 
serous fluid. 

779. The embryological development of the Urinary organs in Ver- 
tebrated animals is a subject of peculiar interest ; owing to the corre- 
spondence which may be traced between the transitory forms they pre- 
sent in the higher classes, and their permanent condition in the lower. 
In this respect, there is an evident andogy with the Kespiratory sysflbm. 
The first appearance of anything resembling a Urinary apparatus in the 
Chick, is seen on the second-half of the third day. The form at that 
time presented by it, is that of a long canal, extending on each side of the 
spinal column, from the region of the heart, towards the allantois (Fig. 
185, 0 , 0 , seen also in transverse section in Fig. 173, ung ) ; on the sides of 
this are a series of elevations and depressions, indicative of the incipient 
development of caeca. On the 4th day, the Corpora Wolffiana, as they are 
then termed, are distinctly recognized as composed of a series of caecal appen- 
dages, which are attached along the whole course of the first-mentioned 
canal, opening into its outer side (Fig. 188, a), and clearly developed from 
the middle lamina of the blastodermic vesicle (Figs. 173, 190). On the 6th 
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day these appendages are convoluted, and the body which they form 
acquires increased breadth and thickness ; they evidently then possess a 
secreting function, and the fluid which they sepa- 
rate is poured by their long straight canals (6, b) 
into the cloaca ; and between their component 
shut sacs, numbers of small points appear, which 
consist of little clusters of convoluted vessels, 
exactly analogous to the Corpora Malpighiana of 
the true kidney. These bodies remain as the 
permanent urinary organs of Fishes ; but in the 
higher Vertebrata they give place to the true Kid- 
neys, tlie development of which commences in the 
Chick about the 6th day. These when first seen, 
are lobulated greyish masses (c), which seem to 
sprout from the outer edges of the Wolffian 
bodies, but which are really independent ibr- 
mations, springing from a mass of blastema 
behind them ; and as they gradually increase 
in size and advance in development, the Wolffian 
bodies retrograde ; so that at the end of foetal life, 
the only vestige of them is to be found as a 
shrunk rudiment, situated (in the male) near 
the testes, to which their excretory ducts serve 
as the outlets, becoming the ‘ vasa deferentia.’ — 
The history of the development of the Urinary organs in the Human em- 
bryo, seems to correspond closely with the foregoing. The Wolffian bodies 
begin to appear towards the end of the first month ; and it is in the course 
of the 7th week, that the true Kidneys first present themselves. When at 
their greatest development, the Corpora Wolffiana are the most vascular 
parts of the body next to the liver; four or five branches from the aorta are 
distributed to each, and two veins are returned from each to the vena 
cava. The upper arteries and their corresponding veins are afterwards 
converted into the Renal or emulgent vessels ; and the lower into the 
Spermatic vessels. From the beginning of the 3rd month, a diminution 
ties-place in the size of the Wolffian bodies, with the in- 

crease of the Kidneys ; and at the time of birth, scarcely any traces of 
the former can be found. At the end of the 3rd month, the Kidneys 
consist of seven or eight lobes, the future pyramids; their excretory 
ducts still terminate in the canal, the sinus urogeuitaliSy which receives 
those of the Wolffian bodies (subsequently to become the vasa deferentia), 
and of the Fallopian tubes;* and this opens, with the rectum, into a 
sort of Cloaca, analogous to that which is permanent in the oviparous 
Vertebrata. The Kidneys are at this time covered by the Supra-Renal 
capsules, which equal them in size ; about the 6th month, however, 

* Although it has been usually considered that the Vasa Deferentia of the male and 
the Fallopian tubes of the female, are homologous organs, yet this does not seem really 
to Iw the case ; for the former are derived from the excretory ducts of the Wolffian 
bodies, whilst the latter are independent formations, which are found to co-exist with 

seminal ducts at an early period of development, alike in male and in female embryoes. 
(See Kobelt, ** Der Nebeneirstock des Weibes,” Heidelberg, 1847.) The ducts of the 
Wolffian bodies, although subsequently disappearing in the females of most Mammals, 
temain permanent as ^Ghkertner’s canals* in the female Ruminants and Pig. 


Fio. 188. 



state of the Jfnnary and 
Oenital Aw^atu.% in the early 
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these have decreased, whilst the kidneys have increased, so that their 
proportional weight is as 1 to 2i. At birth, the weight of the Kidneys 
is about three times that of the Supra-Renal capstdes, and they bear to 
the whole body the proportion of 1 to 80 ; in the adult, however, they 
are no more than 1 to 240. The lobulated appearance of the kidney 
gradually disappears ; partly in consequence of the condensation of the 
areolar tissue which connects its different portions, and partly through 
the development of additional tubuli in the interstices. — ^The Urinary 
Bladder is formed quite independently of the secreting apparatus, being 
an enlargement of a portion of the pars urinaria of the ‘ uro-genital 
sinus’ (§ 781). 

780. The essential parts of the Generative Apparatus^ namely the 
Testes in the male, and the Ovaria in the female, are first developed in 
such immediate proximity with the Corpora Wolffiana (Fig. 188, e, e), 
that they have been supposed to sprout-lbrth from them ; this, however, 
is not really the case, as they have an independent origin in a mass of 
blastema peculiar to themselves. They make their first appearance in 
the Chick, as delicate strise on the Wolffian bodies, about the fourth day ; 
at which period no difference can be detected between the Testes and the 
Ovaria, which originate in precisely the same manner. In the Human 
embryo, the rudiments of the sexual organs, — whether testes or ovaria, — 
first present themselves soon after the kidneys make their appearance, 
that is, towards the end of the 7th week. They are originally much pro- 
longed, and seem to consist of a kind of soft, homogeneous blastema, in 
which the structure characteristic of each organ subsequently developes 
itself. The Testis gradually assumes its permanent form; the epididymis 
appears in the tenth week ; and the gubernaculum (a membranous pro- 
cess from the filamentous tissue of the scrotum, analogous to the round 
ligament arising from the labium and attached to the ovary of the female), 
which is originally attached to the vas deferens, gradually fixes itself to 
the lower end of the testis or epididymis. The Testes begin to descend at 
about the middle period of pregnancy ; at the seventh month they reach 
the inner ring ; in the eighth they enter the passage ; and in the ninth 
they usually descend into the scrotum. The cause of this descent is not 
very clear : it can scarcely be due merely, as some have supposed, to the 
contraction of the gubernaculum ; since that does not contain any fibrous 
structure until after the lowering of the testes has commencejk It is 
well known that the testes are not always found in the scrotum at the 
time of birth, even at the full period. Upon an examination of 97 new- 
born infants, Wrisberg found both testes in the scrotum in 67, one or 
both in the canal in 17, in 8 one testis in the abdomen, and in 3 both 
testes within the cavity. Sometimes one or 'both testes remain in the 
abdomen during the whole of life ; but this circumstance does not seem 
to impair their function.* This condition is natural, indeed, in the Ram. 
— The Ovary undergoes much less alteration, either in its intimate 
structure, or in its position. Its efferent canal (which, as just stated, is 
not the representative of the vas deferens of the male) remains detached 
from it, having a free terminal aperture, and thus constituting the Fal- 
lopian tube. The Uterus (which was formerly supposed to be formed by 

* A case has lately occurred within the Anther’s knowledge in which botii testes 
remained in the abdomen until the tenth year, and then descended. 
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the coalescence of the Fallopian tubes), is now known to be derived, like 
the Voigina^ from the genital portion of the ‘ uro-genital sinus’ (§ 781), 
which is formed exactly on the same plan in both sexes alike, at an early 
period of foetal development, and receives at its upper extremity the ter- 
minations of the Fallopian tubes. In the Female, this canal increases in 
size ; and a marked separation is established between its lower or vaginal 
portion and its upper or uterine portion. The former opens into the 
undivided portion of the uro-genital sinus, which also receives the termi- 
nations of the urethra and of the Wolffian ducts, and which remains 
permanently unclosed. In the Male, on the other hand, the sinus 
genitalis makes no advance in development, and diminishes in relative 
size ; so that at the period of fcetal maturity, it is only discoverable as 
the vesicula 'prostatica, which has been supposed imtil recently to be an 
appendage to the prostate gland. A transverse constriction in this canal 
marks-out its vaginal from its uterine portion ; the former having exactly 
the same relation as in the female to the terminations of the urethra and 
of the Wolffian ducts (vasa deferentia) in the ‘ uro-genital sinus,’ which 
is subsequently closed-in, however, so as apparently to form a continua- 
tion of the urethral canal ; and the latter, in those Mammals whose 
females have a ‘ uterus bicornis,’ exhibiting a like divarication into two 
lateral halves.* 

781. The history of the development of the external Organs of Gene- 
ration in the two sexes, presents matter of great interest, from the light 
which is thrown by a knowledge of it upon the malformations of these 
organs, which are among the most common of all departures from the 
normal type of Human organization. — Not only is the distinction of 
sexes altogether wanting at first ; but the conformation of the external 
parts of the apparatus is originally the same in Man and the higher 
Mammalia as it permanently is in the Oviparous Vertebrata. For, about 
the 5th or 6th week of embryonic life, the opening of a cloaca may be 
seen externally, which receives the termination of the intestinal canal, 
the ureters, and the efferent diicts of the sexual organs ; but at the 10th 
or 11th week, the anal aperture is separated from that of the genito- 
urinary canal or ‘ uro-genital sinus,’ by the development of a transverse 
band ; and the uro-genital sinus itself is gradually separated by a like 
process of division, into a ‘ pars urinaria ’ and a ‘ pars genitalis,’ the 
former *jof which, extending towards the urachus, is converted into the 
urinary bladder. A partial representation of this phase of development 
is found in the permanent condition of the Struthious Birds and of the 
Implacental Mammalia. The external opening of this canal is soon ob- 
served to be boimded by two folds of skin, the rudiments of the labia 
majora in the female, and of the two halves of the scrotum in the male ; 
whilst between and in front of these, there is formed an erectile body, 
surmounted by a gland, and cleft or furrowed along its under surface. 
This body in the female is retracted into the genito-urinary canal, and 
becomes the clitoris, whilst the margins of its fhrrow are converted into 

* See Prof. B. Weberns ** Zus&tze zur Lehre vom Baue und den Verrichtungen der 
Oeschleohtsorgaae/’ Leipzig, 1846 ; and Dr. Leuokart’s Art. ^ Vesicula Prostatica* in 

Cyclop, of Anat. and Physiol.,” vol. iv. — was supposed by Prof. Weber, that the 
vesicula prostatica is the homologue of the uterus alone ; but the Author considers it to 
hava been satisfactorily established the researches of Dr. Leuckart, that it answers to 
the uterus and vagina conjointly. 
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the nymphas or kbia minora; and these bound the ‘ atrium vaginaj’ or 
‘ vestibule,’ which receives the orifices of the urethra, of the vagina, and 
of Gaertner’s canals when they are present, and which exactly represents, 
therefore, the ‘ sinus genitalis’ of the early embryo. In the male, on the 
other hand, this sinus is nearly cloaed-in at a very early period, by the 
adhesion of the two folds of integument which bound it, for min g that 
portion of the genito-urinary canal (improperly termed the * urethra,’) 
which receives the orifices of the vesical or tme urethra, of the genital 
sinus (vesicula prostatica), and of the vasa deferentia; the erectile 
body increases in prominence, and becomes the penis ; whilst the 
margins of the furrow at its under surface unite (at about the 14th 
week), to form the anterior continuation of the now-contracted genito- 
urinary canal, which is commonly termed the spongy portion of the 
urethra. 

782. Now in a large proportion of cases of so-called Hermaphrodisniy 
there has been either a want of completeness in the development of the 
Male organs, so that they present a greater or less degree of resemblance 
to those of the female ; or the developmental process has gone-on to an 
abnormal extent in the Female organs, so that they come to present a cer- 
tain, degree of resembknce to those of the male. — One of the most common 
malformations of the male organ is ^hypospadias,’ or an abnormal opening 
of the urethra at the base of the penis, arising from incompleteness 
in the closure of the edges of its original furrow. But when the 
developmental process has been checked at an earlier period, the uro-genital 
sinus may retain more nearly its original character, and may have a wide 
external opening beneath the root of the penis, so as to resemble the 
female vagina, whilst the penis is itself destitute of any trace of the urethral 
canal ; in some of these cases, again, the testes have not descended into 
the scrotum ; whilst the absence of beard, the shrillness of the voice, and 
the fulness of the mammae, have contributed to impart a feminine character 
to these individuals, their male attributes, however, being determined by 
the seminiferous character of the essential organs, the testes.* — ^In the 
female organs, on the other hand, a greater or less degree of resemblance 
to those of the male may be produced by the enlargement of the clitoris, 
by its furrowing or complete perforation by the urethra, by the closure 
of the entrance of the vagina and the cohesion of the labia, so as to present 
a likeness to the unfisstued perineum and scrotum of the male, by the 
descent of the ovaries through the inguinal ring into the position of the 
male testes, and by the imperfect development of the uterus and mammae; 
with these abnormalities are usually associated roughness of the voice and 
growth of hair on the chin, and a psychical character more or less virile. 
— True Hermaphrodism, in which there is an absolute combination of the 
essential male and female organs in the same individual, is comparatively 
rare. It may occur under the forms of lateral hermaphrodism, in which 
there is a genuine ovary on one side and a testis on the other, in which 
case the external organs are usually those of a hypospadic male ; trans- 
verse hermaphrodism, in which the external and internal organs do not 
correspond, the former being male and the ktter female, or vice versd ; — 

* The vesiculu prostatica has presented an unusual development in some of these 
cases; see Prof. Weber (loc, cit.), and Prof. Theile’s * Account of a Case of Hypo- 
spadias,’ in “Muller’s Archiv,” 1847. 
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and double or vertical hermaphrodism, in which the proper organs cha- 
racteristic of one sex have existed, with the addition of some of those of 
the other ; this is the rarest of all, and it is not certain that the coexistence 
of testes and ovaria on the same side has ever been observed in the Human 
species.* 

783. We have now to follow the course of the development of the 
principal organs of Animal life ; and shall first notice that of the Skeleton, 

The first differentiation 
Fio. 189. of parts that occurs in 

the middle lamina of 

(§ 766) is the formation 
of a solid cartilaginous 
rod, termed the noto- 
chord or chorda dorsalis 



Transverse section through the Bmhryo qf the Chick at 
the close of the first day of incubation, magnified about 100 
diameters :—ch, chorda dorsalis ; h, external serous or comeal 
layer; m, medullary portion of serous layer; Fv, primitive 
groove between the dorsal laminss and m ; dd^ intestinal epi* 
thelial or glandular layer (mucous layer) ; wtop, prevertebral 


mass, in which the primary or protovertebrae are formed, and 
which is continuous with the middle laming itp ; uwh^ fissure in 
the middle lamina, presenting the first indication of the pleuro- 
neritoneid cavity, and of the subsequent division of the middle 
lamina into two layers. 


(chy Fig. 189), which 
extends throughout 
whole length of the fu- 
ture vertebral column, 
and along the base o^ the 
cranium as far as the 
space between the audi- 
tory capsules, or even to 
that point which subsequently becomes the pituitary fossa. The chorda 
dorsalis is originally composed of nucleated cells, that in the first instance lie 
in contact with one another, but are soon separated by the development of 
intercellular substance or matrix, the whole being enclosed by a delicate 
sheath. The chorda dorsalis, though permanent in the lowest fishes, is 
only a transitory structure in Man and all the higher Vertebrata. Soon after 
the laying down of this cartilaginous rod, the portion of the middle lamina 
which immediately surrounds it (uwpy Fig. 189, mv. Fig. 190) becomes 
detached; and in the portion so separated the first rudiments of the 
vertebrse appear in the form of rings surrounding the chorda dorsalis. 
More externally, the middle layer, passing outwards and downwards, and 
forming what is known as the Ventral Lamina, subdivides into two by a 
split or fissure (sp), which is the first indication of the pleuro-peritoneal 
cavity, the external or parietal layer {hpl) forming the walls of the ab- 
domen with their contained structures, and ultimately meeting on the 
median line and enclosing the abdominal cavity in the same way that the 
dorsal laminae enclose the spinal cord, whilst the inner or fibrous layer (df) 
develops the muscular and fibrous layers of the intestinal canal, the inner- 
most layer {dd) producing the proper epithelium and the several glands 
connected with the intestine. At this period the primitive aortae (ao) and 
the first urinary organs or Wolffian bodies (awh) begin to be formed. These 
are developed in the material situated externally to the chorda dorsalis, 
constituting a portion of the middle lamina of the blastodermic vesicle 
{uwy Fig. 190), which now becomes separate and distinct from the 
remainder of the middle lamina. Soon afer this period the prevertebral 


* On this subject, see Prof. Simpson’s Article ' Ilermapbrodism ’ in the Cyclop, of 
Anat. and Phys.,” vol. ii. 
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masses (uw) extend themselves so as to embrace the chorda dorsalis 
below and the spinal cord above; the part where the two sides unite above 
being called by Kathke the 
meTnhrana reuniena supe- 
rior^ or membranous ver- 
tebral arch. A portion of 
the prevertebral mass also 
insinuates itself between 
the chorda dorsalis and 
the spinal cord, so that 
the former is entirely in- 
vested by it) and a com- 
plete vertebral column is 
formed, though still only 
membranous^ presenting 
two tubes, the one poste- 
rior, formed by the arches, 
and inclosing the spinal cord, the other anterior, investing the chorda 
dorsalis. In the membranous arches an histological differentiation takes 
place, by which, on the one hand, the cartilaginous arches are developed, 
and on the other the anterior and posterior roots of the spinal nerves 
(v, g, Fig. 174). 

784. The formation of cartilage constitutes the second stage of the 
development of the vertebral column. It commences about the 6th 
or 7th week of foetal life, and rapidly extends over the bodies of the 
future vertebra), so that aheady, in the 8th week, a complete cartilaginous 
column with a membranous intervertebral ligament is formed; the chorda 
dorsalis now becomes attenuated and begins to disappear in the bodies of 
the vertebras (Fig. 191), whereas it still remains distinct in the Ligamenta 


Fig. 190. 



Transverse section made through the Embryo qf a 
Fowl at the thirty-sixth hour of incubation x 100: — ch, 
chorda dorsalis; A, external lamina; mr, medullary tube 
(spinal cord) ; dd^ intestinal glandular layer ; two, preverte- 
bral mass ; atoA, incipient cavity in the same ; split in 
the middle lamina, dividing it into an external or parietal 
lamina, hpl^ and an internal or fibrous layer, df, which arc 
connected by a median lamina, mp. The position of the 
Wolffian bodies is represented by ung^ and of the primitive 
aorta by ao. 


intervertebralia, 
and consequently 
presents a monili- 
form appearance. 
The formation of 
cartilage, which, 
according to 
Robin,* is every- 
where developed 
before the sub- 
stance of the brain 
and spinal cord, 
takes place much 
more slowly in the 
vertebral arches, 
not being more 
advanced at the 
8th week than is 
shown in Fig. 
192 ; so that 
at this period the 
* Robin’ I 


Fig. 191. 


Fig. 192. 



Fig. 191. —Diagram showing the attenuation of the Chorda BortaUi in 
the middle of the bodies of the vertebrae whilst preserving its oririnal 
diameter in the invertebral spaces:— cA, chorda dorsaUs; o,body ofver- 
tebra ; U, intervertebral substance. ^ 

Fig. 192.— Diagram showing the position of the chorda dorsalis in the 
body of the vertebra and the formation of the neural arches:— cA, 
dorsalis ; cv, body of the vertebra j a, neural arch or neur-apophysia ; 
c, rib ; pr^ transverse process. 

medulla spinalis and its ganglia are only covered the 
3 ‘^Journal de 1’ Anatomic,” vol i., 1864, pp. 274-299. 
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membrana reuniens superior. The arches first meet and enclose the 
medulla in the dorsal region; in the 4th month this is completed through- 
out the column, and, except in the coccygeal region, where no arches are 
developed, the form of the &ture vertebrae, in which ossification has already 
commenced, is perfect. The development of the atlas is irregular, its body, 
which is originally traversed by the chorda dorsalis, as shown by 
Rathke and Robin, becoming connected, not with its proper arch, but 
with the body of the axis forming the odontoid process of this vertebra. 
The ossification of the vertebrae begins at the end of the 2nd or the 
beginning of the 3rd month, with three centres for each vertebra, one for 
the body and one for the arch on each side. These parts, however, do 
not imite till the second year after birth. Accessory centres of ossification 
are subsequently formed at the tips of the spinous and transverse pro- 
cesses, and in the form of thin leaves at the upper and lower surfaces of 
the bodies, which resemble the epiphyses of the long bones. The car- 
tilages of the ribs do not develope at once in their whole length, but 
gradually from the spine towards the sternum. Their ossification pro- 
ceeds contemporaneously with those of the vertebrae from one centre for 
each rib, the anterior extremities of the upper seven uniting together to 
form a broad cartilaginous band, which constitutes one lateral half of the 
sternum^ the two halves subsequently uniting from above downwards. 
An arrest of this mode of development explains the monstrosity called 
‘Fissura Sterni,’ a case of which, in the person of M. Groux, lately 
excited so much interest in this country. 

785. In order to facilitate the comprehension of terms now very gene- 



hs 


Elementaof a according? to Prof. Owen: — a, ideal typical vertebra: — b, actual 

thoracic vertebra of a Bird : — c, centrum, priving-off (f, the diapophyses, and p, p, the parapo- 
physes ; the neural arch, enclosing the spinal cord,* is formed by », the neurapophyses, and 
n *,the neural spine ; the hasmal arch, enclosing the great centres of the circulation, is formed 
by A, A, the hsemapophyses, and k », the hsemal spine. From both the neurapophyses and 
hsemapophyses may be given-off the zygapophyses, «, z. The lateral arches, which may enclose 
the vert^Hd arteries o o, are completed oy the pleurapophyses, pi; these in b are bent down- 
wards, so as to form part of the hsem^ arch, and give-off the diverging appendages a, c. 

rally employed both in Human and Comparative Anatomy in regard to 
the parts of a vertebra, the following description is here appended. 
The complete typical vertebra (Fig. 193, a) essentially consists 
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accordmg to Prof. Owen,* of the centrumy around which are arranged 
four arches enclosed by processes in connection with it : viz., superiorly, 
the neural arch, which encloses the neural axis, and is formed by a pair 
of ‘ neurapophyses’ (Uy n) and a ‘neural spine’ {ns) *y inferiorly the 
hcemal arch, which is in like special relation with the centres of the 
circulation, but may be expanded around the Visceral cavity generally, 
and which is formed of a pair of ‘heemapophyses’ (A, h) and the ‘haemal 
spine ’ {hs ) ; and two lateral arches, enclosing vascular canals, which are 
bounded by the ‘ diapophyses’ (dy d) and the ‘ parapophyses’ (p, p)y and 
are completed by the ‘ pleurapophyses’ {ply pi). Of these elements, the 
centrum is the most constant ; and next to these are the neural arches, 
which we find in every part of the vertebral column through which the 
neural axis passes, and which are enormously developed in the cranial 
segments, in accordance with the high development of their nervous mass. 
The hsemal arches are often almost entirely deficient, as in the cervical 
and lumbar vertebrae of Man and the Mammalia; but in the dorsal 
vertebrae they are very largely developed, and the elements of the lateral 
arches are brought into connection with them, so as to form the inclosure 
of the visceral cavity (Fig. 193, b). From the pleurapophyses are occa- 
sionally developed a pair of ‘ diverging appendages’ (a, a), which are well 
seen in the ribs of Birds ; and these are considered by Prof Owen to be 
the fundamental elements of the bones of the ‘ extremities ’ or ‘ limbs,’ 
those of the anterior extremity being on his view the diverging appendages 
of the occipital vertebra, and those of the posterior extremity standing 
in the same relation to one of the sacral vertebrae. The number of the 
segments analogous to Vertebrae entering into the skull has been a*Bub- 
ject of much discussion among those who adopt the ‘vertebral theory’ 
of its composition : but Prof Owen agrees with Goethe and Oken (the 
original propounders of that theory) in fixing the number at/owr, which 
corresponds with the points of ossification, succeeding each other in a linear 
series, that, though absent in the earlier, arc apparent in the later stages 
of the development of the Encephalon, namely (proceeding from behind 
forwards), the Epencephalon, the Mesencephalon, the Prosencephalon, and 
the Rhinencephalon (Fig. 199); and also corresponding with the number 
of the nerves of special sense, the Auditory, Gustative, Optic, and Olfac- 
tory, which issue from this part of the neural axis with the same seg- 
mental regularity that the ordinary sensori-motor nerves do elsewhere. 

786. In the development of the Skull, the same three stages may be 
traced as in that of the Vertebral column, namely, the membranous, the 
cartilaginous, and the osseous ; the result of the first two forming what is 
now called the Primordial Cranium. In the first stage, the membrane 
of the cranium is formed from the anterior part of the prevertebral plates 
{uwhy Fig. 190), which shoot forwards in front of the pointed extremity 
of the Chorda dorsalis or Notochord, and throw out processes on either side, 
that, arching upwards, ultimately form a case for the brain. An essential 
difference from those which, as we have just now seen, enclose the Spinal 
Cord, is however already visible, in the perfect continuity and absence of 
any trace of segmentation in the basal mass. The form assumed by this 
deposit at a very early period is here diagrammatically shown (Fig. 194), 

* See his “ Archetype Skeleton,” his “ L^ures on Comparative Anatomy,” vol. ii., 
and his “ Discourse on the Nature of Limbs.** 
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c representing the atlas, or last segment of the true vertebral column, 
formed roimd the notochord, a, which terminates at the point where 
the pituitary body subsequently appears. In front of the atlas, c, and 
also, like it, surrounding the notochord, a large quantity of blastema 
is laid down anteriorly, dividing into, two arms, termed the 
trabeculae cranii, that separate to enclose the pituitary fossa, and reunite 
in front of it to form a solid mass, the nasal frontal process. From the 
margins of this great basal mass of the primordial cranium, a membranous 
investment rises up to cover the intra-cranial 
nervous centres. This membranous cranium, 
which accurately invests the rudimentary brain, 
is not long persistent, but soon becomes partially 
converted into cartilage ; the change commencing 
at the base in the Human foetus at least as early 
as the second month, whilst the upper part 
retains its membranous condition to a much 
later period. The primordial cranial axis of 
Man, therefore, consists of three parts — 1. A 
membranous roof ; 2. Chiefly membranous lateral 
walla ; and 3. A cartilaginous base. The third, or 
osseous stage of development, is attained by four 
different processes, namely — 1 . By direct ossification 
of a portion of the cartilage of the primordial 
cranium ; 2. By part of the cartilage remaining 
unaltered ; 3. By the disappearance of a small part 
of the primordial cartilage ; and 4. By the deposi- 
tion of new bone in the form of opercular, or splint 
bones, on the exterior of the primordial cranium. 
The first point of ossification appears immediately in front of the 
foramen magnum about the ninth week, and is the rudiment of the basilar 
portion of the occipital bone ; a second (sometimes double) point forms 
in the third month at the fore part of the Sella turcica, and is the rudi- 
ment of the basisphenoid or posterior portion of the sphenoid bone. Still 
more anteriorly, but a little later in point of time, a third double centre 
of ossification may be seen, which is the commencement of the presphenoid, 
and in front of this again an ossification commences about the middle of 
foetal life, which subsequently becoming greatly extended in a vertical di- 
rection, forms the perpendicular plate of the ethmoid. With each of these 
centres of ossification, situated along the floor or base of the skull, a 
superior arch is connected, composed of bones analogous to the laminas 
and spines of the Vertebrse, and, like them, enclosing and protecting the 
nervous mass within. The formation of the superior arch in connection 
with the basioccipital centre commences at an early period, by the 
appearance of two additional ossifying points in the cartilage on either 
side of the foramen magnum, which develope into the condyloid and 
lateral portions of the occipital bone or exoccipitals ; whilst the crown of 
the arch, or supra-occipital bone, represented in the adult by the broad 
expanded plate, is formed by two osseous points in cartilage, and one 
or two in the membrane immediately above the cartilage, that sub- 
sequently coalesce. The upper arch of the basisphenoid begins as a 
bony deposit in the cartilage representing the great wings of the sphenoid 
bone, or aHsphenoids (t, Fig. 194) ; and the crown of this arch, formed by the 


Fia. 194. 



Cartilaginous haMs Cranii : 
—a, chorda dorsalis ; 6, fora- 
men magnum ; c, atlas ; d, 
lateral cartilaginous mass; 
c, auditory capsule ; /, pitui- 
tary ^>ody; g, trabecula 
cranii ; frontal nasal pro- 
cess; t, aim maoorcs; k, alee 
minores of the sphenoid bone. 
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parietals, is exclusively produced, not by intra-cartilaginous, but by intra- 
membranous ossification. A third upper arch is connected with the pre- 
sphenoid by the ossification of the projections of the presphenoid (k), repre- 
senting the alae minores of the sphenoid or orbito-sphenoids ; the crown of 
this arch also, the frontal bone, developing by intra-membranous ossifica- 
tion, like the parietal and supra-occipital bones. The most anterior of the 
centres of ossification that appears in the basal cartilage of the skull, forms 
the lamina perpendicularis of the ethmoid (b), 
and is seen in vertical section in Pig. 195. At Fig. 195. 

an early period the cartilage sends out two 
processes, c, e, which enclose the nasal fossae. 

The superior and middle turbinals (opposite e) 
are developed as outgrowths from this cartilage. 

The inferior turbinal (/) is of later date. The 
nasal bones, c?, dy are developed as opercu- 
lar bones in the membrane covering the 
primitive cartilage, and overlie the nasal car- 
tilage; whilst at the base of the cartilage, 
but developed from membrane, is the vomer 
(a). The remaining bone which enters into 

the formation of the skull is the Temporal, Vertical transverse section of 

i'*'! anterior portion of Primordial 
the development oi which, formerly much 6am crowjt.— a, position of vomer? 

misunderstood, has been very carefully investi- “Ja 

gated by Prof. Huxley, Mr. Parker, and others; from which the turbinal bones, 
T- • • • xi a. c and/, arc seen proicctiuir on the 

from whose inejuiriesit appears that the sejua- opposite side? nasal bones, 

niosal portion, like the parietal and frontal bones, 

is developed from membrane. Below this, and developed from fibro- 
cartilage, a ring of bone appears, incomplete above, forming the auditory 
meatus, and termed the tympanic bone. Finally, there are three centres of 
ossification, for which Mr. Huxley proposes the terms prootiCy epiotic 
and opisthotic. The prootic lies behind the foramen ovale, and forms the 
petrosal bone, or petrous portion of the temporal. The epiotic surmounts 
the posterior vertical semicircular canals, and forms the mastoid portion of 
the temporal ; whilst the opisthotic is continuous with the ossification which 
primitively surrounds the fenestra rotunda, and forms the floor of the 
Tympanum, lying in front of the point of exit of the 8th pair of nerves. 

787. The development of the Face next claims our attention. It pro- 



ceeds from three parts, two of which are symmetrical 
and the third single. The first two are the first pair 
of visceral arches, with their superior (a, Fig. 196) 
and inferior (i) maxillary processes, and the external 
nasal process : the asymmetrical part is the frontal 
process, with its alae or internal nasal processes (seen 
on each side of nfy Fig. 197), the development of 
which into the turbinals, covered by the nasals, has 
been already alluded-to. The two lateral halves of 
the first visceral arch (i, Fig. 196) uniting in the 
middle line, form the rudiment of the lower jaw, 
and originally consist of two parts on each side, 
one of which, the inferior maxillary process, is 
cartilaginous, becoming converted at its base into 



Himan Embryo at the 
end of the third week : — 
1, 2, 3, 4, the visceral 
arches; a, the maxillary 
process; 6, the eye. 
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the incus (a, Fig. 198) and the malleus (6); whilst its apex is prolonged 
downwards and forwards in the form of a slender rod, known under the 
name of Meckel’s Cartilage, on the outer side of which the lower jaw (d) 
is developed as a splint-bone. The lower jaw thus stands in the same 
relation to Meckel’s Cartilage that the opercular bones do to the primitive 
cranial bones ; and it originally consists of two halves, united by a kind 
of synchondrosis, which does not ossify till after 
birth. The malleus and incus ossify in the fourth 
month from the surface inwards, whilst Meckel’s 
cartilage dies away, except near its root, which 
ossifies into the processus gracilis, or long process 
of the malleus. The superior maxillary process 
(a. Fig. 197) of the first visceral arch furnishes the 
Pterygoid (Jc^ Fig. 198) and Palatine (z) bones, 
which begin to ossify in nascent or simple cartilage 
at about the close of the second month. The superior 
maxillary and zygomatic bones each ossify from one 
centre, at the end of the second month ; and these, 
Mmhryo at tha close together with the lachrymal bones, are to be re- 
of the fifth week:— 1 and 2, garded as opercular bones. With regard to the 
a^th^^BuirformSiiiary pro- intermaxillary bone, it is probable that this is 
cess; 6, the eye; c, the lateral developed from an ossific Centre in the membrane, 

naso-frontal process; the . , ^ i • -n 

nasal-frontal process ; t, the independently of the superior maxilla, though it 
*°“*’^®* joins with it about the middle of the third month. 

The Vomer bears the same relation to the base of the septum nasale; it 
appears in the third month, and has then the form of a semi-canal. At 

first, the mouth is a wide cavity. 
Fig. 198. which is subsequently divided 




into a respiratory and digestive 
cavity by the lateral growth of 
the superior maxillary processes 
of the first visceral arch; thus 
constituting partitions on either 
side, called Palate-plates, which 
after the eighth week begin to 
coalesce from before backward. 
An arrest of development at this 
period produces the deformity 
termed Cleft-palate. The second 
visceral arch is originally in con- 
nection with the base of the skull, 


Diagraro of the first and second poststomal 
(visceral) arches Human JEmbryo : — a, incus; 6, 
malleus; c, Meckel’s cartilage; d, dentary; e, 
stapes ; f, 08 orbiculare ; g, upper hyoid cartilage; 
between g and e is the rudiment of the stapedius 
muscle; ♦», middle hyoid cartilage; i, rudiment 
of the cornu minor of os hyoides ; A, basihyal ; I, 
tympanic annolas. 


near the posterior sphenoid bone, 
from which it becomes subse- 
quently separated by absorption of 
its “ proximal piece.” This 
basal piece becomes the stapes 
(e. Fig. 198), and comes into rela- 


tion with the labyrinth ; it is at 
first imperforate, and ossifies from three centres later than the other bones. 


The second portion of the branchial arch, which does not become cartilage, 
furnishes ^e musculus stapedius ; then follows a long piece of cartilage, 
which umtes with the mastoid process of the primordial cranium, and 
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ftimislies the eminentia papillaris and the styloid process. The most 
anterior portion, which never unites with the corresponding portion of 
the other side, becomes partly cartilaginous, and furnishes the cornu 
minus (i) of the hyoid bone, and stylohyoid ligament. The third arch 
furnishes the body of the hyoid bone and great cornua, which ossify in 
the eighth month. 

788. From the foregoing brief outline of the development of the skull, it 
will be seen that no segmentation of the cartilaginous basis takes- place at all 
analogous to that which occurs in the vertebral column at the same period of 
its development; and therefore, as Mr. Huxley observes, that it is impossible 
to admit the existence of a series of cranial vertebrae, still less to define their 
several parts by means of terms especially adapted to the description of those 
bones which constitute the spinal column. At the same time, a very super- 
ficial investigation of the process of ossification leads to the conclusion that 
this takes-place in such a manner as to produce a series of segments which 
are the more closely analogous to those of the vertebral column the more 
posteriorly they are situated, as we see in the occipital and sphenoid seg- 
ments ; whilst in those that are more anterior the modification of structure 
is so great, that scarcely any trace of the form of a vertebra remains, as 
appears in the case of the presphenoid and ethmoidal segments. 

789. Withiii the Cranio-spinal canal thus formed, the rudiment of the 
Cerebro-spinal axis is found, at first under a very different aspect from 
that which it subsequently presents, especially as regards the relative 
proportion of its different segments. According to the investigations of 
Bidder, Kupffer, and Kolliker, in Man and Birds, the spinal cord consists, 
after the closure of the laminae dorsales, of a canal surrounded by cells 
arranged in a radiating manner. These separate into an external layer 
composed of grey matter, and into an inner layer constituting the epithe- 
lium of the canal. The white substance appears later than the grey, and 
is unquestionably developed from it. In the first instance it consists of 
four cords or strands arranged in pairs, which subsequently become con- 
nected in front by a white commissure.* According to the researches 
of Lockhart Clarke, in Man, Mammalia, and Birds,f the spinal cord, in 
its earher stages of development, consists of a canal surrounded by a 
homogeneous layer of small cells or nuclei, which are not distinguishable 
from each other in appearance, and are so closely aggregated as to seem 
in actual contact. This layer continues to increase in depth, and under- 
goes a differentiation into two — an inner or epithelial, and an outer or 
grey, layer ; while at the same time the small cells of both layers are un- 
interrupted, connected by a continuous network of fibres which forms 
between them. As development progresses, a diversity of structure 
ensues in the grey substance ; the cells or nuclei of the anterior grey 
substance becoming much larger than those of the posterior, and being 
connected by a coarser and more granular network. From these nuclei 
are developed a number of large roimdish or irregular but adjacent cells, 
with thick nucleated walls which are connected with the surrounding 
network, and have precisely the same appearance as the connective tissue 
of parts external to the cord. It appears then, that in these early stages 
of development, there are at least two kinds of free nuclei in the grey 
substance of the cord. The one kind appear to develope the general 

* Kolliker, “Entwick.,” pp. 259, 260. 

t “Phil. Tmns.,’* 1862, p. 911 et seq. 
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network of tissue which pervades the entire structure, but proceed no 
further ; whereas each of the other kind, while connected with this net- 
work as well as with nerve-fibres, develops a nucleated cell, with a 
nucleated wall which is still connected, and ultimately blended, with the 
surrounding reticular structure. Through the medium of this intervening 
reticular structure, the walls of the nerve-cells, the walls of the blood- 
vessels, the processes of the epithelium, and the pia mater on the surface 
of the cord, are all uninterruptedly continuous with each other ; and 
since the processes of nerve-cells constitute the axis-cylinders of the vaso- 
motor nerves distributed to parts external to the cord, Mr. Clarke thinks 
it probable that some of those processes which are lost by subdivision in 
the intervening nucleated and reticular tissue within the cord, are the 
means of transmitting nerve-power to that tissue, and through that, to the 
coats of its blood-vessels, from which, by their uninterrupted connection 
with them, the nerve-cells, in return, receive their supply of nutriment. 

790. The Encephalon, at about the 6th week, is seen as a series 
of vesicles arranged in a line with each other (Fig. 199); of which those 
that represent the Cerebrum {h) are the smallest, whilst that which repre- 
sents the Cerebellum {(1) is the largest. The latter (or Epenceplialon\ as 
in Fishes, is single, covering the fourth ventricle on the dorsal surface ‘ of 
the Medulla Oblongata. Anterior to this is the single vesicle (a) of the 
Corpora Quadrigeinina (or Mesencephalon) j from which the optic nerves 
partly arise ; this has in its interior a cavity, the ventricle of Sylvius, 
which is persistent in the adult Bird, though obliterated in the adult 
Mammal. In front of this is the vesicle (c) of the Third Ventricle (or 
Deutencephalon\ which also contains the Thalami Optici ; as develop- 
ment proceeds, this, like the preceding, is covered by the enlarged Hemi- 
spheres ; whilst its roof becomes clelb anteriorly on the median line, so 
as to communicate with the cavities which they include. Still more 
anteriorly (h) is the double vesicle (or Prosencephalon) which represents 

the hemispheres of the Cerebrum ; this 
has a cavity on either side, the floor of 
which is formed by the Corpora Striata, 
and which has at first no opening ex- 
cept into the third ventricle ; the 
^ fissure of Sylvius’ (which enables the 
membranes of the brain to be reflected 
into the lateral ventricles) being formed 
at a later period. The Rhinencephalon 
(consisting of the Olfactive ganglia) is 
seldom distinctly marked-out in the 
early stage of development of the higher 
Vertebrata, though very obvious in that 
of Fishes. — Thus in the small propor- 
tion which the Cerebral Hemispheres 
bear to the other parts, in the absence 
of convolutions, in the deficiency of 
commissures, and in the general sim- 
plicity of structure of the whole, there 
is a certain correspondence between the 


Fia. 199. 



Human Emlryo of sixth week, enlarged 
about three times: — a, vesicle of Corpora 
Quadrigeinina; b, vesicle of Cerebral He- 
mispheres ; c, vesicle of Third Ventrical ; 
d, vesicle for Cerebellum and Medulla Ob- 
longata; e, auditory vesicle; /, olfactory 
fossa; k, liver; * *, caudal extremity. 
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brain of the Human embryo at this period, and that of a Fish ; but the 
resemblance is much stronger between the festal brain of the Fish and that 
of the Mammal ; indeed at this early period of their formation, the two could 
scarcely be distinguished ; and it is the large amount of change which 
the latter undergoes, as compared with the former, that causes the wide 
dissimilarity of their adult forms. 

791. At about the 12th week, we find the Cerebral Hemispheres 
much increased in size, and arching-back over the Thalami and Corpora 
Quadrigemina (Fig. 200) ; still, however, they are destitute of convolu- 
tions, and are imperfectly connected by commissures ; and there is a large 


Fig. 200. 



Brain of Human Hmhryo at twelfth week : — a, seen from behind ; B, side view j c, sectional 
view; a, corpora quadrigemina ; i, hemispheres ; rf, cerebellum; e, medulla oblongata 
optic thalamus; g, floor of third ventricle; i, olfactory nerve, 

cavity yet existing in the Corpora Quadrigemina, which freely communi- 
cates with the Third Ventricle. In all these particulars, there is a strong 
analogy between the condition of the brain of the Human embryo at this 
period, and that of the Bird. — Up to the end of the 3rd month, the 
Cerebral Hemispheres present only the rudiments of anterior lobes, and 
do not pass beyond that grade of development which is permanently 
characteristic of the Marsupial Mammalia, the Thalami being still but 
incompletely covered-in by them. During the 4th and part of the 5th 
months, however, the middle lobes are developed from their posterior 
aspect, and cover the Corpora Quadrigemina ; and the posterior lobes, of 
which there was no previous rudiment, subsequently begin to sprout from 
the back of the middle lobes, remaining separated from them, however, 
by a distinct furrow, even in the brain of the mature foetus, and some- 
times in that of older persons. In these and other particulars, there is a 
very close correspondence between the progressive stages of development 
of the Human Cerebrum, and those which we encounter in the ascending 
series of Mammalia.* 

792. The development of the Eye^ commences by a protrusion from 
the posterior part of the anterior cerebral vesicle, representing the 
^ vesicle of the thalami optici,’ which is at that time hollow ; and the 
cavity of the protrusion is continuous with that of the vesicle itself, which 
remains as the ‘ third ventricle.’ At this period, according to Kblliker, 

* See an account of the observations of Prof. Retzius on the Development of the 
Cerebrum, in the “ Archives d’ Anatomic Gen6rale et de Physiologic,’^ 1846. 

t See the excellent Memoir of the late Mr. II. Gi-ay in the “ Philosophical Transac- 
tions,” 1850; Kolliker, ‘'Entwickel. des Menschen,” 1861, p. 273; Peter Young, ‘On the 
Development of the Eye in the Chick,’ “Med.-Chir. Rev.,” 1858, vol. xxii. p. 187 ; and 
Klebs in “Virchow’s Archiv,” band xxviii. 
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they are covered by the embryonic layers, which subsequently form the 
cutis and epidermis, and these enter to a.n important extent into the 
formation of the eyeball. The primitive eye- vesicle does not alone pro- 
duce the Bulbus Ociili, for this is formed — 1. From the primary vesicle; 

2, From an involution of the 
skin, which forms the Lens 
and Vitreous body; 3. From 
an external layer derived 
from the middle layer of the 
blastodermic vesicle, which 
forms the Sclerotic cornea, 
and perhaps also part of the 
vitreous body. As soon as 
the primitive eye- vesicle has 
assumed its permanent posi- 
tion at the base of the second 
division of the braiU, the 
corneal layer indents or 
sinks into its anterior sur- 
face, becoming itself so con- 
stricted as to form a sac, 
from the cells lining which 
the Lens is subsequently 
developed; whilst the ve- 
sicle in like manner forms a 
shallow depression with two layers, the edges of which surround the Lens. 
At the same time the cutis of the inferior surface of the Head extends itself 
from the Lens towards the primitive vesicle and its peduncle (which 
becomes at a later period the Optic Nerve). A new space is thus formed 
behind the Lens, which contains the first trace of the vitreous body. Coin- 
cidently with the growth of this, the optic nerve, which was at first hollow, 
becomes tapelike and solid, and afterwards converted into a semi -canal, open 
below. The vesicle itself now looks like a double flat cup, on one side of 
which there is a broad split, which, however, does not conduct into the inte- 
rior of the vesicle, but forms a new cavity, the “ secondary Eye- vesicle.” 
With the progress of development, the slit of the secondary vesicle, 
and the furrow of the optic nerve, in which the Arteria centralis runs, 
close. In addition to this, the anterior opening of the sejondary vesicle, 
in which the Lens was situated, and which was always covered by the 
epidermal layer, becomes invested with the Sclerotic and Cornea. The 
body of the Lens is formed by the columnar and radially-disposed 
epithelial cells lining the saccular involution of the cutis; these soon 
become changed into fibres, and the cavity is obliterated. As to the 
formation of the structureless capsule, and the vascular capsule of the 
embryonic lens, KdUiker considers the first to be an exudation of the 
peripheral cells of the lens, whilst the second is a portion of the cutis, 
which becomes detached at its first involution. The pigmentary layer 
of the Choroid is derived from the outer' lamina of the secondary vesicle. 
The vascular layer is deposited externally. The Choroid only reaches 
as far as the edges of the lens at first, and no trace of Iris can at that time 



Longlttidiiial section of the Eye of Emh^o Fowl: — 1, 
from an embryo at about the 66th hour of incubation ; 2, 
from an embryo a few hours older; 3, from an embryo at 
the 4th day of incubation : — A, corneal lamina ; lens in Fig. 1, 
still connected with the comeal lamina, and poBsessing a small 
cavity (o) in Its interior,— in Pigs. 2 and 3 it is seen detached 
but still hollow ; r, introverted portion of the primitive optic 
vesicle, subsequently becoming the retina; a, posterior part 
of the optic vesicle, which, according to Kemak, probably be- 
comes tlie choroid coat, ciliary processes, and iris, and in Figs. 
1 and 2 is still connected with the brain by the hollow optic 
nerve ; a?, thickening of the corneal lamina around the spot 
from which the lens has detached itself ; gl^ vitreous body. 
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be discovered. At the end of the second month the iris, at first repre- 
sented by a colourless lamina, in which pigment is afterwards deposited, 
grows out from the edge of the choroid, and insinuates itself between the 
lens and cornea. The Retina is, at first, part of the primitive, and at a 
later period, part of the secondary vesicle. It is derived exclusively from 
the internal lamina of the latter ; it is therefore a true saccular involu- 
tion of the brain, and the first- formed coat of the eye ; it reaches tlie edge 
of the lens, and ends there abruptly with a thick edge. The development 
of its anterior half ceases during the latter part of foetal life, and this 
part is gradually transformed into the Pars ciliaris, which in the adult 
does not contain any nervous element. The Macula lutea is not present 
in the embryo, nor in the new-born infant. Lastly, the Sclerotic and 
Cornea are not originally formed with the primary vesicle, but detach 
themselves secondarily from the adjacent parts of the Head-plates, like the 
dura mater and pia mater from the prevertebro?. 

793. Development of the Ear . — The Ear is made up of parts which 
have the same threefold origin as the eye, one portion being derived 
from the skin, another from the medullary tube, and a third from 
the middle blastodermic layer ; but it differs from the eye in the 
circumstance that it is never a sac communicating with the vesicles 
of the brain. The acoustic nerve is formed in the prevertebral plates 
of the head, and is subsequently connected on the one hand with 
the 3rd brain-vesicle, and on the other with the Labyrinth. The 
latter, including the membranous sacs, semicircular canals, and cochlea, 
are derived from the outer skin, and arc represented at first by 
a vesicle with an opening looking outwards. To these two most 
essential parts of the Ear there are added parts derived from the middle 
vitelline membrane, viz., the cartilaginous and some of the membranous 
investments of the Labyrinth ; and, lastly, certain parts from the branchial 
arches and the first branchial fissure, from which the middle and external 
ear are developed, as well as the ossicles and the tympanum. In Man the 
vesicles are first found about the 4th week, possessing an epithelial 
investment derived from the corneal layer : these are the Vestibula. The 
vesicles or vestibules then close and become ])yriform ; and the small'end 
pushes out a hollow, club-shaped process, ‘ processus vestibuli,’ which is 
connected with the dura mater, its peduncle passing through the Aquse- 
ductus vestibuli to the Atrium. Soon afterwards the Cochlea makes its 
appearance as a process from the vestibule, shooting in an antero-inferior 
direction. The Semicircular Canals are at first straight tubes, receiving 
their characteristic curvature and ampulla3 at a later period. The remain- 
ing portion of the vestibule forms the Fovea hemispherica and the F ovea hemi- 
elliptica. The petrous portion of the temporal bone is developed from a 
thin layer of connective tissue surrounding the labyrinth, which subse- 
quently becomes cartilaginous (8th week). In Man the cochlea makes 
one entire turn in the 8th week; at the end of the 3rd month the canal is 
complete. The Spiral Lamina is not completed till after the 6th month. 
— The modiola and the spiral lamina only ossify in the last months. The 
Middle Ear (including the external meatus, tympanum, and Eustachian 
tube) is formed by the partial closure of the first branchial cleft at the 
4th week. At the 3rd month the ossicula are formed, and are then seen 
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lying ovevj not in, the tympanic cavity, imbedded in gelatinous tissue. 
The Eustachian tube remains closed during the whole of foetal life by 
gelatinous tissue, the cartilaginous portion being formed at the 4th 
month. The mastoid cells only appear at puberty. The membrana 
tympani is at first very thick, and horizontal in position. — The External 
Ear is developed fi:om the Annulus tympanicus, a small bone which can 
be separated at birth, and gradually elongates. The cartilage and auricle 
are formed from the skin that surrounds the outer opening of the first 
branchial cleft. The auditory capsule is developed, according to Huxley, 
from three separate ossifications arising in the periotic cartilaginous mass ; 
— an anterior ossification, the prootic, a superior and posterior one, the 
epiotic, and an inferior and posterior one, the opisthotic. Of the three 
ossicula auditfis, the stapes is the proximal portion of the second visceral 
arch. It is the equivalent of the columella of air-breathing ovipara, and 
probably of the symplectic bone in fishes. The incus, with the os 
orbiculare, is the proximal portion of the first visceral arch. In the 
lower Vertebrata, it is represented by the os quadratum. The mal- 
leus is the distal portion of the first visceral arch, and is the modi- 
fied os articulare of fish, reptiles, &c. The processus gracilis, at an 
early period of fintal life, is the cartilage of Meckel, and meets its 
fellow in the middle line below the mouth, forming a perfect primordial 
lower jaw. 

794. Organ of Smell . — According to Baer, the nasal fossae are 
at first distinct from the oral cavity, subsequently communicate with 
it, and are finally divided into two portions, of which one becomes 
the respiratory portion of‘ the nasal cavity, whilst the other forms 
the true olfactory portion and labyrinth of the Nose. In the Human 
subject two depressions, the nasal fossae, are well marked at the end 
of the 4th week. In the 6th week these Ibssae communicate below 
with the oral cavity by a groove. At the end of the 2nd month 
the groove closes, and the labyrinth communicates with tlie most 
anterior part of the oral cavity by means of two narrow orifices, which 
are themselves rapidly closed by the formation of the palate dividing 
the nose from the mouth, slight traces of them remaining in adult 
life in the Naso-palatinc foramen. At the 10th week the posterior 
nasal orifices are formed on either side of the Septum. The Labyrinth 
is wholly develoj)ed from the corneal layer investing the nasal fossse. 
It is fully formed at the close of the 3rd month, though the accessory 
cavities of the frontal, sphenoidal, and ethmoidal sinuses, with the 
antrum of Highmore, are yet absent, and are not completed till after 
the 6th month. The outer nose begins to grow out from the nasal part 
of the primordial cranium about the end of the 2nd month. In the 
3rd month the nasal orifices are closed by a gelatinous plug, which dis- 
appears after the 5th month, and seems to consist of mucus and epithelial 
plates. As to the share of the nervous system, we have already seen that 
the olfactory tract and bulb are evolutions of the 1st brain- vesicle, and 
nothing is known in respect to the development of the nerves from the 
bulb. Here also, therefore, the corneal layer plays an important part. 
It is, however, never shut off as a closed vesicle. The several steps of the 
development of this organ are met with in the various classes of animals : 
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the small clofited fossae remind us of Fishes ; the short nasal ducts opening 
into the anterior part of the mouth, of Batrachians, &c. 

795. The extremities (Fig. 185, q q, r r) appear in Man about the fourth 
week, as small and undivided stumps irom the lateral plate; those of the 
upper extremity appearing first : a division into two princip^ parts takes- 
place in the fifth week ; one of which is broad, and shows about the fifth week 
four indentations; the other is more cylindrical, and subdivides into a fore 
and upper arm about the eighth week. The two extremities are very 
similar in form up to this period, their distinctive characters only 
appearing well marked at the third month. All the bones which enter 
into their composition pass through stages of development similar to 
those tliat have been already described as occurring in the bones of the 
vertebral column and skull. In the first instance only a soft blastema 
or indifferent tissue appears in the place of the future bone : but this 
gradually developes into cartilage, the conversion being complete about the 
end of the second or the commencement of the third month, and in the 
cartilage again points of ossification make their appearance, with great 
though not absolute precision, for each bone, not only as regards number, 
but also as to time and position.* * * § 

796. Of Sex . — The conditions on which the differentiation of sex 
immediately depend arc as yet extremely obscure. M. Marc Thury,f 
who has paid great attention to this subject in cattle, has arrived at the 
conclusion (which however demands much confirmatory evidence for its 
establishment) that the sex of the progeny of a particular act of sexual in- 
tercourse is depen dejit upon the period of menstruation (in women), or of 
rut (in animals), at which the impregnation of the ovum takes-place. If 
this occur at the commencement of the period, the offspring wiU invariably 
be female ; if towards the close, male : the cause of the difference being 
the more advanced stage of maturation of the ovum in the latter case, 
owing to its having been for a longer period exposed to the warmth of 
the body of the mother. PlossJ attributes the sex of the child to the 
quantity and quality of the nutriment received by the mother during 
pregnancy, since from a review of various countries, and a com- 
parison of the relative numbers of males and females born, he finds 
that, when the food is a]:)undant and plentiful, the 2 >i’oportion of females 
rises; whilst, under o 2 >posite conditions, males are most frequent. In 
mountainous countries the number of males also increases relatively. 
Preussen (loc. cit.), however, on the other hand, considers that better and 
more abundant food is required by the mother for the production of males. 
— There is strong statistical evidence that the relative numbers of Males 
and Females are in some way influenced by the relative ages of the 
parents. The following fiible expresses the average results collected by 
M. Ilofacker§ in Germany, and by Mr. Sadler || in Britain; between 
which it will be seen that there is a very striking general correspondence, 
although both were drawn from a too-limited series of observations. The 

* See Kolliker, loc. cit., p. 222. 

+ “ Notice on the Law of Production of Sexes, &c.,” Pamphlet, 1863. 

Henle and Meissner, 1860, 210. 

§ ** Annales d’Hygiene,” Oct. 1829, 

II “ Law of Population,” vol. ii. p. 343. 
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numbers indicate the proportion of Male births to 100 Ftotales, under 
the several conditions mentioned in the first column ; — 


Father younger than Mother . 
Father and Mother of equal age 
Father older by 1 to 6 years . 


»> 

if 


it 

if 


6to9. . . 

9 to 18 . . 
18 and more. 


Hofaoker. 

90-6 

90-0 

103-4 

124-7 

143-7 

200-0 


Father younger than Mother , 86*6 

Father and Mother of equal age 94*8 
Father older by 1 to 6 years . 103*7 

„ „ 6toll . . 126*7 

„ „ 11 to 16 . . 147-7 

,, ,, 16 and more . 163*2 


From this it appears, that the more advanced age of the Male parent 
has a very decided influence in occasioning a preponderance in the 
number of Male infants ; and this tallies with the fact, that taking the 
average of the whole of Europe, over which (as a general rule) the state 
and customs of society bring-about a decided preponderance of age, among 
married couples, on the side of the husband, the proportion is about 106 
males to 100 females. This does not hold good, however, in regard to 
illegitimate offspring, the parents of which may generally be presumed to 
be more nearly on an equality in this respect ; and it is curious that the 
proportion of these has averaged 102*5 males to 100 females, in places 
where the proportion of legitimate births was 1051 males to 100 females. 
— ^We are not likely to obtain data equally satisfactory in regard to the 
influence of more advanced age on the part of the Female parent ; as a 
difference of 10 or 15 years on that side is not so common. If it exist 
to the same extent, it is probable that the same law would be found to 
prevail in regard to Female children born under such circumstances, as 
will be stated (§ 797) with respect to the Male; — namely, that the 
mortality is greater during embryonic life and early infancy, so that the 
preponderance is reduced. Even at birth, there is a manifest difference 
in the physical conditions of infants of different sexes ; for, in the average 
of a large number, there is a decided prei)onderance on the side of the 
Males, both as to the length and the weight of the body. And it seems 
not improbable that this difference has a decided influence upon the 
greater loss of life in the act of parturition, which occurs among Male 
infants. 

I. The Length of the body in fifty new-born infants of each sex, as 
ascertained by Quetelet,"^ was as follows : — 

Males. Females. Total. 

From 16 to 17 inchest (French) .... 2 4 6 


„ 17 to 18 8 19 27 

„ 18 to 19 28 18 46 

„ 19 to 20 12 8 20 

„ 20 to 21 0 1 1 


From these observations, the mean and the extremes of the Lengths of 
the male and female respectively, were calculated to be, — 

Males. Females. 

Minimum ... 16 inches, 2 lines . . .16 inches, 2 lines. 

Mean .... 18 6 .... 18 IJ 

Maximum ... 19 8 .... 20 6 


* '‘Sur THomme,” tom. ii. p. 8. 

t The French inch is about one>fifteenth more than the English. 
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Notwitlistanding that the maximum is here on the side of the Female 
(this being an accidental result, which would probably have been other- 
wise, had a larger number been examined), the average shows a difference 
of 4^ lines in favour of the Male. 

II. The inequality in the Weights of the two is even more remarkable 
the observations of M. Quetelet* were made upon 63 male and 56 female 
infants. 


Infents weighing from 

Males. 

Females. 

Total. 

1 to li kilog.f . . 

.... 0 

1 

1 

lito2 . . . . 

.... 0 

1 

1 

2 to 24 ... . 

.... 3 

7 

10 

24 to 8 .... 

.... 13 

14 

27 

3 to3J . . . . 

.... 28 

23 

61 

34 to 4 .... 

.... 14 

7 

21 

4 to 44 . . . • 

.... 6 

3 

8 


The extremes and means were as follows : — 


Males. 

Minimtim . . . 2*34 kilog. 
Mean .... 3*20 
Maximum . . . 4.60 


Females. 

1*12 

2*91 

4*26 


III. The average Weight of infants of both sexes, as determined by 
these inquiries, is 3*05 kilog. or 6*77 lbs. ; and this corresponds almost 
exactly with the statement of Chaussier, whose observations were made 
upon more than 20,000 infants. The mean obtained by him, without 
reference to distinction of sex, was 6*75 lbs.; the maximum being 
11*3 lbs., and the minimum 3*2 Ibs.J The average in this country is 
probably rather higher ; according to Dr. Joseph Clarke, § whose in- 
quiries were made on 60 males and 60 females, the average of Male 
children is 7J lbs., and that of Females 6| lbs. He adds that children 
which at the full time weigh less than 5 lbs. rarely thrive; being gene- 
rally feeble in their actions, and dying within a short time. Several 
instances are on record, of infants whose weight at birth exceeded 15 lbs. 
It appears that healthy females, living in the country, and engaged in 
active but not over-fatiguing occupations, have generally the largest 
children ; and this is what might be expected a priori, from the superior 

energy of their nutritive functions. * rr- 

797. There appears to be, from the first, a difference in the Viahlitg 
for probability of life) of Male and Female children; for, out of the total 
number born dead, there are 3 Males to 2 Females : this proportion 
gradually lessens, however, during early infancy; being about 4 to 3 
during the first two months, and about 4 to 5 during the next three 
months; after which time the deaths are nearly m proportaon to the 
numbers of the two sexes respectively, until the age of Pubei^. The 
viability of the two sexes continues to increase during childhood , ^d 

„ AS’S.’S'S; SSi-S” 

§ Philosophical Transactions,” vol. ixxvi. 
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than in Males ; but from about the age of 18 to 28, the mortality is 
much greater in Males, being at its maximum at 25, when the viability 
is only half what it is at puberty. The fact is a very striking one ; and 
shows most forcibly that the indulgence of the passions not only weakens 
the health, but in a great number of instances is the cause of a very 
premature death. From the age of 28 to that of 60, the mortality is 
greater and the viability less on the side of the Female ; this is what 
would be anticipated from the increased risk to which she is liable during 
the parturient period. After the age of 50, the mortality is nearly the 
same for both. — These facts have been expressed by Quetelet* in a form 
which brings them prominently before the eye (Fig. 202). The relative 


h 



viability of the Male at different ages is represented by a curved line ; 
the elevation of which indicates its degree, at the respective periods 
marked along the base line. The dotted line, which follows a different 
curve, represents the viability of the Female. Starting from a, the 
period of oirth, we arrive at the maximum of viability for both at h : 
from this point, the Female curve steadily descends towards w, at first 
very rapidly, but afterwards more gradually ; whilst the male curve does 
not quite descend so soon, but afterwards falls much lower, its minimum 
being c, ^yhich corresponds with the age of 25 years. It afterwards 
ascends to c?, which is the maximum of viability subsequently to the 
age of puberty ; this point is attained at the age of 30 years, from which 

* Op. cit. 
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period, up to 50, the probability of life is greater in the Male than in the 
Female. In the decline of life, there seems little or no difference for the 
two sexes. 

798. Similar diagrams have been constructed by Quetelet, to indicate 
the relative Heights and Weights of the two sexes at different ages (Fig, 
203). — In regard to Height it may be observed, that the increase is most 
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Diagram representing the Comparative Heights and Weights of the Male and Female at 
different Ages. 


rapid in the first year, and that it afterwards diminishes gradually ; be- 
tween the ages of 5 and IG years, the annual increase is very regular. 
The difference between the Height of the Male and Female, which has 
been already stated to present itself at birth, continues to increase during 
infancy and youth; it is not very decided, however, until about the 15th 
year, after which the growth of the Female proceeds at a much-dimi- 
nished rate, whilst that of the Male continues in nearly the same degree, 
until about the age of 19 years. It appears, then, that the Female comes 
to her full development in regard to Height, earlier than does the Male. 
It seems probable, from the observations of Quetelet, that the full Height 
of the Male is not generally attained until the age of 25 years. At 
about the age of 50, both Male and Female undergo a diminution of 
their stature, which continues during the latter part of life.— •■The pro- 
portional Weight of the two sexes at different periods, corresponds 
pretty closely with their height. Starting from birth, the predominance 
then exhibited by the Male gradually increases during the first few 
years ; but towards the period of puberty, the proportional weight of the 
Female increases ; and at the age of 12 years, there is no difference 
between the two sexes in this respect. The weight of the Male, how- 
ever, then increases much more rapidly than that of the Female, espe- 
cially between the ages of 15 and 20 years; after the latter period, there 
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is no considerable increase on the side of the Male, though his maximum 
is not attained until the age of 40 ; and there is an absolute diminution 
on the part of the Female, whose weight remains less during nearly the 
whole period of child-bearing. After the termination of the parturient 
period, the weight of the Female again undergoes an increase^ and its 
maximum is attained at about 50. In old age, the weight of both sexes 
undergoes a diminution in nearly the same degree. The average Weights 
of the Male and Female that have attained their full development, are 20 
times those of the new-born Infants of the two sexes respectively. The 
Heights, on the other hand, are about 3^ times as great. 

♦ 799. The chief differences in the Constitution of the two sexes, 
manifest themselves during the period when the Generative function of 
each is in its greatest vigour. Many of these distinctions have been 
already alluded-to ; but there are others of too great importance to be 
overlooked; and these chiefly relate to the Nervous System and its 
functions. There is no obvious structural difference in the Nervous 
System of the two sexes (putting aside the local peculiarities of its 
distribution to the organs of generation), save the inferior size of the 
Cerebral Hemispheres in the Female. This difference, which is not 
observed in other parts of the Encephalon, is readily accounted-for on 
the principles formerly stated (§ 557), when we compare the psychical 
character of Woman with that of Man ; for there can be no doubt that 
— ^putting aside the exceptional cases which now and then occur — the 
intellectual powers of Woman are inferior to those of Man. Her 
intuitive powers are certainly greater than his; her perceptions are 
more acute, her apprehensions quicker ; and she has a remarkable power 
of interpreting the feelings of others, which gives to her, not only a 
much more ready sympathy with them, but that facility in guiding 
her actions so as to be in accordance with them, which we caU tact. 
This tact bears a close correspondence with the unconscious adaptiveness 
to particular ends, which we see in Instinctive actions. Notwithstanding 
the superiority of her perceptive faculties, her capability of sustained 
mental exertion is much less ; and though her views are often peculiarly 
distinguished by the clearness and decision which result from the 
strength of her intuitive sense, they are generally deficient in that com- 
prehensiveness which brings the whole case to be judged-of, and which is 
consequently necessary for their stability. With less of volitional power 
than Man possesses, she has the emotional in a much stronger degree. 
The emotions, therefore, predominate ; and more frequently become the 
leading springs of action, than they do in Man. By their direct in- 
fluence upon the bodily frame, they produce changes in the Organic 
functions, which far surpass in degree anything of the same kind that we 
ordinarily# witness in Man; and they thus not unfrequently occasion 
^mptoms of an anomalous kind, which are very perplexing to the Medi- 
cal practitioner, though very interesting to the Physiological observer. 
But they also act as powerful motives to the Will ; and, when strongly 
called-forth, produce a degree of vigoiu' and determination, which is very 
surprising to those who have usually seen the individual under a different 
aspect. But this vigour, being due to the strong excitement of the 
Feelings, and not to any inherent strength of Intellect, is only sustained 
during the persistence of the motive, and fails as soon as this subsides. 
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The feelings of Woman, being frequently called -forth by the occurrences 
she witnesses around her, are naturally more disinterested than those 
of Man ; his energy is ihore concentrated upon one object ; and to this his 
Intellect is directed with an earnestness that too frequently either blunts 
his feelings, or carries them along in the same channel, thus rendering 
them selfish. — In regard to the inferior development of her Intellectual 
powers, therefore, and to the predominance of the Instinctive, Woman 
must be considered as ranking below Man ; but in the superior purity 
and elevation of her Feelings, she is as highly raised above him. Her 
whole character. Psychical as well as Corporeal, is beautifully adapted tot 
supply what is deficient in Man ; and to elevate and refine those powers 
which might otherwise be directed to low and selfish objects. 

5. Of Lactation, 

800. The new-born Infant in the Human species, as in the class of 
Mammalia generally, is supplied with nourishment by a secretion elabo- 
rated from the blood of its maternal parent, by certain glandular organs 
known as the Mammary. The structure of these, which has been 
thoroughly investigated by Sir A. Cooper’^^ and Mr. Birkett,j‘ is extremely 
simple. Each gland is composed of a number of separate glandules, 
which are connected together by fibrous or fascial tissue, in such a manner 
as to allow a certain degree of mobility of its parts, one upon another, 
which may accommodate them to the actions of the Pectoralis muscle 
whereon they are bound-down ; and the glandules are also connected by 
the ramifications of the lactiferous tubes, which intermingle with one 
another in such a manner as to destroy the simplicity and uniformity of 
their divisions, although they rarely inosculate. The mammillary tubesy 
or terminal ducts contained in the nipple, are usually about ten or twelve 
in number ; they are straight, but of somewhat variable size ; and their 
orifices, which are situated in the centre of the nipple, and are usually 
concealed by the overlapping of its sides, are narrower than the tubes 
themselves. At the base of the nipple, these tubes dilate into reservoirs, 
which extend beneath the areola and to some distance into the gland, 
when the breast is in a state of lactation. These are much larger in 
many of the lower Mammalia than in the Human female, in whom their 
use is to supply the immediate wants of the child when it is first applied 
to the breast, so that it shall not be disappointed, but shall be induced to 
proceed with sucking until the ‘ draught’ be occasioned (§ 711). From 
each of these reservoirs commence five or six branches of the lactiferous 
tuheSy each of which speedily subdivides €nto smaller ones ; and these 
again divaricate, until their size is very much reduced, and their extent 
greatly increased (Fig. 204). These, like the reservoirs and mammillary 
tubes, are composed of a fibrous coat lined by a mucous membrane ; the 
latter is highly vascular, and forms a secretion of its own, which some- 
times collects in considerable quantity when the milk ceases to be pro- 
duced. The smaller subdivisions of the lactiferous tubes proceed to dis- 
tinct lobuli in each glandule ; so that when a branch of a mammillary 
tube has been filled with injection, its attached lobules, if separated from 

♦ “ On tbe Anatomy of the Breast,” 1840. 

t The Diseases of the Breast, and their Treatment,” 1850. 

3 H 



884 


OF aEKERATION: — ^LACTATION. 


each other by long maceration, are like a bunch of fruits clustered upon 
a stalk (Fig. 205). When the lactiferous tubes are pursued to their ulti- 
mate distribution, they are found to terminate in* follicles, whose size, in 
full lactation, is that of a hole pricked in paper by the point of a very 

Fio 204. 



Distribution of the Milk-ducts in the Mamma of the Human female, during lactation ; the duets 

injected with wax. 


line pin, so that, when distended with quicksilver or milk, they are just 
visible to the naked eye ; at other times, however, the follicles do not 
admit of being injected, though the lactiferous tubes may have been com- 
pletely filled. They are lined by a continuation of the same membrane 
with that which lines the ducts ; and this possesses a high vascularity. 
The arteries which supply the glandules with blood, become very large 
during lactation ; and their divisions spread themselves minutely on the 
follicles. From the blood which they convey, the milk is secreted and 
poured into the follicles, whence it fiows into the ducts. The inner 
surface of the milk-follicles, in common with other glandular structures, 
is covered with a layer of epithelium-cells (Fig. 206), as was first observed 
by Prof. Goodsir ; and these, being seen to contain milk-globules, may 
without doubt be regarded as the real agents in the secreting process. 
Absorbent vessels are seen to arise in large numbers in the neighboiu*hood 
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of the follicles ; their function appears to be, to absorb the more watery 
part of the milJk contained in the follicles and tubes, so as to render it 

Fw. 206. Fig. 206. 



Termination of portion of 
Milk-duet in a clu$ter folli- 
elea; from a mercurial injec- 
tion ; Milarged four times. 



Ultimate folliclee of Mammary 
gland, with their secreting cells, 
a, a, and nuclei, 6, h. 


more nutrient than it is when first secreted ; and also to relieve the 
distension which would occur, during the absence of the child, from the 
continuance of the secreting process. 

801. The Mammary gland may be detected at an early period of foetal 
existence ; being easily distinguishable from the surrounding parts by the 
redness of its colour and its high vascularity, especially when the whole 
is injected. At this period it presents no difference in the male and 
female ; and it is not until near the period of puberty that any striking 
change manifests itself, the gland continuing to grow, in the one sex as 
in the other, in proportion to the body at large. At about the age of 
thirteen years, however, the enlargement of the gland commences in the 
Female : and by sixteen, it is greatly evolved, and some of the lactiferous 
tubes can be injected. At about the age of twenty, the gland attains its 
full size previous to lactation ; but the milk-follicles cannot even then be 
injected from the tubes. During pregnancy, the mammae receive a 
greatly-increased quantity of blood. This determination often commences 
very early, and produces a feeling of tenderness and distension, which is a 
valuable sign (where it exists in connection with others) of the commence- 
ment of gestation (§ 748). A true lacteal secretion usually commences 
about the third or fourth month of pregnancy, and may be obtained by 
pressure carefully applied. This may be turned to useful account, in 
diagnosing cases of concealed or doubtful pregnancy from cases of simple 
suppression of the catamenia ; but it will not serve to distinguish true 
pregnancy from spurious, or from the distension of the uterus by tumours.* 
The vascularity of the gland continues to increase during pregnancy ; 
and at the time of parturition its lobulated character can be distinctly 
felt. The follicles are not, however, developed sufficiently for injection, 
until lactation has commenced. After the cessation of the catamenia 
from age, so that pregnancy is no longer possible, the lactiferous ducts 
continue open, but the milk-follicles are incapable of receiving injection. 
The substance of the glandules gradually disappears, so that in old age 
only portions of the ducts remain, which are usually loaded with mucus ; 
but the place of the glandules is commonly filled-up by adipose tissue, so 
that the form of the breast is preserved. Sir A. Cooper notices a curious 

* See the valuable paper by Dr. Peddie, ‘ On the Mammary Secretion,* in the Edinb. 
Monthly Journal,’* Aug. 1848. 
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change, which he states to be almost invariable with age ; namelj, the 
ossification of the arteries of the breast, the large trunks as well 
as the branches, so that their calibre is greatly diminished or even 
obliterated. 

802. The Mammary gland of the Male is a sort of miniature picture of 
that of the Female. It varies extremely in its magnitude ; being in some 
persons of the size of a large pea ; whilst in others it is an inch, or even 
two inches, in diameter. In its structure it corresponds exactly with 
that of the female, but is altogether formed on a smaller scale. It is com- 
posed of lobules containing follicles, from which ducts arise ; and these 
follicles and ducts are not too minute to be injected, although with diffi- 
culty. The evolution of the gland goes-on pari passu with that of the 
body, not undergoing an increase at any particular period; it is sometimes 
of considerable size in old age. A fluid, which is probably mucus, may 
be pressed from the nipple in many persons ; and this in the dead body, 
with even more facility than in the living. That the essential character 
of the gland is the same in the male as in the female, is shown by the 
instances, of which there are now several on record, in which infants have 
been suckled by men (§ 803). 

803. Although the state of functional activity in the Mammary gland 
is usually limited to the epoch succeeding Parturition, yet this is not 
invariably the case ; for numerous instances are on record, in which 
young women who have never borne children, and even old women long 
past the period of child-bearing, have had such a copious flow of milk as 
to be able to act as efficient nurses.* * * § In these cases, the strong desire 
to furnish milk, and continued irritation of the nipple by the infant’s 
mouth, seem to have furnished the stimulus requisite for the formation 
of the secretion ; and it has been found that this is usually adequate to 
restore the secretion, after it has been intermitted for some months during 
the ordinary period of lactation, in consequence of disorder or debility on 
the part of the mother, or any other cause ; so that where her condition 
renders it advisable that she should discontinue nursing for a time, the 
child may be withdrawn and the milk ^ dried-up,’ with a confident 
expectation that the secretion may be reproduced subsequently.j* Dr. 
M‘ William mentions in his report of the Niger Expedition,^ that the 
inhabitants of Bona Yista (Cape de Yerd Island) are accustomed to 
provide a wet-nurse in cases of emergency, in the person of any woman 
who has once borne a child and is still within the age of child-bearing, 
by continued fomentation of the mammae with a decoction of the leaves 
of the jati'opha curcas, and by suction of the nipple. — The most curious 
fact, however, is that even Men should occasionally be able to perform 
the duties of nurses, and should aflbrd an adequate supply of infantile 
nutriment. Several cases of this kind are upon record, § but one of the 

* A collection of such cases is given in Dr. Dunglison’s “Human Physiology,” 
7th edit., vol. ii. p. 613. 

t See an account of M. Trousseau’s experience on this point, in “L’Union MIdicale,” 
1862, No. 7 ; and paper by Dr. Ballou in the ** Amer. Journ. of Med. Sci.,” Jan. 186^ 

t V Medical Gazette,” Jan. 1847. 

§ See the case described by the Bishop of Cork, in the “ Philosophical Transactions,” 

vol. xli. p. 818 : one mentioned by Sir John Franklin (“Narrative of a Journey to the 
Polar Sea,” p. 167) ; and one which fell under the notice of the celebrated traveller 
Humboldt (“Personal Narrative,” vol. iii. p. 68) 
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most recent and authentic is that given by Dr. Dunglison.* “ Professor 
Hall, of the University of Maryland, exhibited to his Obstetrical class, in 
the year 1837, a coloured man, fifty-five years of age, who had large, 
soft, well-formed mammae, rather more conical than those of the female, 
and projecting fully seven inches from the chest ; with perfect and large 
nipples. The glandular structure seemed to the touch to be exactly like 
that of the female. This man had officiated as wet-nurse for several 
years in the family of his mistress; and he represented that the secretion 
of milk was induced by applying the children entrusted to his care, to the 
breasts during the night. When the milk was no longer required, great 
difficulty was experienced in arresting the secretion. His genital organs 
were fully developed.” Corresponding facts are also recorded of the male 
of several of the lower animals. 

804. The secretion of Milk consists of Water holding in solution 
Sugar, various Saline ingredients, and the peculiar albuminous substance 
termed Casein; and having Oleaginous particles suspended in it. Its 
reaction is sometimes alkaline, sometimes neutral, and sometimes acid. 
Cows’ milk is usually, and the milk of Carnivora always, acid,| from the 
presence of free lactic acid. The constitution of this fluid is made evi - 
dent by the ordinary processes to which it is subjected in domestic 
economy. If it be allowed to stand for some time, exposed to the air, the 
greater part of the oleaginous globules come to the surface, being of less 
specific gravity than the fluid through which they are diffused : this is 
especially the case with the larger facetted globules, which have been 
hence distinguished as ^ cream-globules.’ The cream thus formed does 
not, however, consist of oily particles alone ; but includes a considerable 
amount of casein, with the sugar and salts of the milk. These are fur- 
ther separated by the continued agitation of the cream ; which, by ruptur- 
ing the envelopes of the oil-globules, separates it into butter^ formed by 
their aggregation, and buttermilk^ containing the casein, sugar, cfec. A 
considerable quantity of casein, however, is entangled with the oleaginous 
matter, and this has a tendency to decompose, so as to render the butter 
rancid ; it may be separated by keeping the butter melted at the tempe- 
rature of 180°, when the casein will fall to the bottom, leaving the butter 
pure and much less liable to change. — The milk, after the cream has been 
removed, still contains the greatest part of its casein and sugar. If it be 
kept long enough, a spontaneous change takes-place in its composition ; 
the sugar is converted into lactic acid, and this coagulates the casein, pre- 
cipitating it in small flakes. The same precipitation may be accompli^ed 
at any time by the addition of an acid ; all the acids, however, which act 
upon albumen, do not precipitate casein, as will presently be pointed-out 
in detail ; the most effectual is that contained in the dried stomach of a 
calf, known as rennet. The whey left after the curd has been separated, 
contains a large proportion of the saccharine and saline matter that 

♦ ** Human Physiology,” 7th edit., vol. ii. p. 514. — Dr. Dunglison also mentions that 
in the winter of 1849-60, an athletic man, twenty-two years of age, presented himself at 
the Jefferson Medical College at Philadelphia; whose left mamma, without any attigndble 
cause, had become greatly developed, and secreted milk copiously. — It may be added 
that a lactescent fluid, apparently presenting the character of true milk, may fi'eqnently 
be expressed from the mammary glands of infants. (See ** Dublin Medical Press,” 
April 17, 1860.) f v. Qomp-Besanez, p. 388. 
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entered into the original composition of the milk ; this may be readily 
separated by evaporation. 

805. When Milk is examined with the Microscope, it is seen to con- 
tain a large number of particles, of irregular size and form, suspended in 

a somewhat turbid fluid (Fig. 
207); these particles vary 
in size from about the 
l-12,700th to the l-3040th 
of an inch ; and they are 
termed ‘milk-globules.* They 
are not affected by the mere 
contact of ether or alkalies ; 
but if these reagents are 
shaken with them, an imme- 
diate solution is the result. 
The same effect happens, if 
they are first treated with 
acetic acid. Hence it is evi- 
dent, that the globules con- 
sist of oily matter, inclosed 
in an envelope of some kind ; 
and an extremely delicate 
pellicle may, in fact, be dis- 
tinguished, after the re- 
moval of the oily matter 
by ether, or after the globules have been ruptured and their contents 
pressed-out by rubbing a drop of milk between two plates of glass. No 
proof of the organization of this pellicle has, however, been detected ; 
and it is probably to be regarded as the simple result of the contact of oil 
with albuminous matter. — Besides these milk -globules, other globules of 
much smaller size are seen in milk ; and these present the peculiar 
movement which is exhibited by molecules in general. Most of them seem 
to consist of oily matter not inclosed in an envelope, as they are at once 
dissolved when the fluid is treated with ether ; but, according to the 
statements of Donn4, it would seem that a portion of them are composed 
of casein, suspended, not dissolved, in the fluid. In addition to the fore- 
going particles, there are found in the Colostrum, or milk secreted during 
the first week after delivery, large yellow granulated corpuscles (Fig. 
207, a, a) which seem to be composed of a multitude of small grains 
aggregated together ; these appear to be chiefly of a fatty nature, being 
for the most part soluble in ether ; but traces of some adhesive matter, 
probably mucus, holding-together the particles, are then seen. They are 
considered by some as ‘ exudation-corpuscles,’ to which they certainly 
bear a close resemblance ; according to Eeinhardt, they are transforma- 
tions of the epithelial cells of the mammary ducts, the result of a sort of 
fatty degeneration or regressive metamorphosis consequent upon the 
peculiar activity of the mammary gland during pregnancy.* LamellaB 
of epithelium are also found in the milk. — According to Bemard,f Colos- 
trum contains a very large quantity of albumen, since it coagulates en 

* See an abstract of his views in the ** Edinb. Monthly Journal,** Feb. 1848. 
t “Lemons,*’ vol. ii. 1859, p. 224. 


Fig. 207. 



MicroBOopic appearance of Human Milky with an inter- 
mixture of Colostrio corpuscles at a a, and elsewhere. 
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77ias8e when it is heated. At a later period none can be discovered by 
this method ; but if sulphate of magnesia be added, all the casein and the 
butter will be thrown down, and on filtration, will be left on the filter with 
the sulphate of magnesia ; the filtrate will then contain the albumen and 
the sugar of milk, and will coagulate on heat. All the larger globules of oil 
may be removed by repeated filtration ; and the fluid is then nearly trans- 
parent. This, in fact, is the simplest way of separating the oleaginous 
firom the other constituents of the milk ; as but little casein then adheres 
to the former. The transparent fluid which has passed through the filter, 
contains nearly the whole amount of the casein of the milk ; but even in 
this fluid there are found globules too minute to be kept- back by the filter, 
whose chemical reactions mark them as oleaginous. 

806. We shall now consider the chemical characters of each of the 
foregoing ingredients. — The Oleaginous matter of milk principally con- 
sists of the ordinary components of fat; but it also contains another 
substance peculiar to it, designated as hutgrin^ to which the peculiar 
smell and taste of butter are duo ; this yields in saponification three 
volatile acids, of strong animal odour, to which Chevreul has given the 
names of butyric, caproic, and capric acids. These peculiar acids are 
not only formed when the butyrin is treated with alkalies ; but are pro- 
duced by the ordinary decomposition of this principle, which is favoured 
by time and moderate warmjbh. — The Casein of Human milk, however, 
is usually said to be much less precipitable by acids, than is that of the 
Cow ; very commonly resisting the action of the mineral acids, and even 
that of the acetic ; but being always coagulated by rennet, though the 
curd is long in collecting. On this point, however, there has been much 
discrepancy of statement, on which the experiments of Mr. Moore’'^ throw 
some light. It apj)cars from the results obtained by him, that Human 
Milk forms with most acids two sets of compounds, one of' them soluble 
in water, the other insoluble ; the latter being formed only when the 
quantity of acid is large in proportion to the casein. Thus, when two 
fluid ounces of Cow’s milk were boiled with a single drop of nitric acid, 
complete coagulation of the casein at once took place : but when two fluid 
drachms of Iluman milk were treated in the same manner, no coagula- 
tion occurred, though the casein was at once thrown-down by a solution 
of ferrocyanide of potassium ; the same quantity of milk, with five drops 
of the acid, formed a coagulum which was not very manifest until after 
the lapse of five hours, but was very complete, the serous fluid not being 
found to contain any casein by testing it with ferrocyanide of potassium ; 
and it required ten drops of nitric acid to produce immediate coagulation. 
The quantity of acid necessary to produce coagulation sufficiently rapid 
to be immediately visible, will vary with the amount of casein present in 
the particular specimen "of milk, 5 drops in some instances producing a 
coagulation as rapid as that produced by 10 drops in others. In no 

specimen did Mr. Moore fail to produce coagulation by adding a suffi- 
ciency of acid. Acetic acid without heat produces in Human milk i 

slow separation of soft flaky coagula ; but, when heat is employed, j 

more perfect coagulation is produced by small, than by large quantitie 
of this acid. Rennet does not seem to act upon the casein of Humai 


Dublin Quai*terly Journal of Medical Science,” vol. vu. p. 280. 
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milk, unless an acid be also present. In several of these particulars, as 
well as in its small proportional amount, the Casein of Ass’s milk bears a 
closer resemblance to that of Human milk, than does that of the Cow. — 
The Sugar of Milh^ which may be obtained by evaporating whey to the 
consistence of a syrup, and then setting it aside to crystallize, forms four- 
sided prisms, whose composition is C 24, H 19, 019 + 5 HO. In 
many of its properties it bears a close resemblance to Glucose or Grape 
sugar, into which it is readily converted by the agency of dilute sulphuric 
or hydrochloric acid, or by the acetic or citric acids. It is readily made 
to pass into the lactic and butyric fermentation, by the appropriate fer- 
ments ; but is with difficulty brought to undergo the vinous fermentation. 
— The Saline matter contained in milk, appears to be nearly identical 
with that of the blood ; with a larger proportion of the phosphates of 
lime and magnesia, which amount to 2 or 2^ parts in 1000. These 
phosphates are held in solution chiefly by the casein, which seems to have 
a power of combining with them even greater than that of albumen : the 
presence of a minute proportion of free alkali also assists their solution. A 
small portion of iron in the state of phosphate, together with the chlorides 
of potassium and sodium, may also be detected in milk.* 

807. The proportion of tliese diflerent constituents is liable to great 
variation, from several causes. Thus, the whole amount of the solid con- 
stituents may vary from 86 to 138*6 parts in 1000 ; the diflcerence being 
partly due to individual constitution, but in great part, also, to the amount 
and 9 haracter of the ingesta. The average seems to be between 100 and 
120 parts. The following tablef will serve to indicate the usual composi- 
tion, as well as the ordinary variations occurring in Human milk : — 



Joly 

and 

Bodecker. 

Griffith. 

Doyere. 

Simon. 

Henry 

and 

Water .... 

Filholt 

874*6 

882*2 

875*00 

873*8 

861*8—914*0 

Chevjllier. 

879*5 

Sugar of Milk . • 

68 

64*6 

61*76 

70*0 

89*2— 62*4 

65*0 

Fat 

47*5 

81*0 

25*41 

38*0 

8*0— 54*0 

35*5 

Albuminous Compde. 

9*8 

19*0 

12*68 

16*4 

19 . 6 — 45*0 

15*2 

Salts .... 

1*1 

3*2 

1*55 

1*8 

1*6— 2*7 

4*5 


Milk contains about 3 per cent of its volume of Gas, having a percentage 
composition of 55*15 of Carbonic acid, 40*56 of Nitrogen, and 4*29 of Oxy- 
gen. It further appears from the analyses of Simon, that the proportion of 
the different ingredients is liable to variation according to the time which 
has elapsed since parturition. The quantity of Casein is at its minimum at 
the commencement of lactation, and then gradually rises until it attains a 
nearly fixed proportion. The quantity of Sugar, on the contrary, is at 
its maximum at first, and gradually diminishes. The amount of Butter 
(as appears from the wide extremes shown in the above tables) is more 
variable than that of any other constituent. — That some of the variations, 
moreover, are due to the character of the ingesta, and others to the 
external temperature, amount of exercise, and other circumstances 
affecting the individual, is proved by the inquiries of Dr. Playfair upon 
the Milk of the Cow. He has shown that the amoimt of butter depends 

* Haidlen in ** Annalen der Chemie und Pharmacie,” band xlv. p. 163. 

+ Canstati^s “ Jahresbericht,** 1860. 

t Henle and Meissner's **Bericht,” 1857, p. 329. 
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in part upon the quantity of oily matter in the food, and in part upon the 
amount of exercise which the animal takes and the warmth of the atmo- 
sphere in which it is kept : exercise and cold, by increasing the respira- 
tion, eliminate part of the oily matter in the form of carbonic acid and 
water; whilst rest and warmth, by diminishing this drain, favour its 
passage into the milk. The proportion of Casein, on the other hand, is 
increased by exercise. Dr. Playfair’s experience on this head seems to 
correspond with the results of common observation in Switzerland ; for ^ 
where the cattle pasture in very exposed situations, and are obliged to 
use a great deal of muscular exertion, the quantity of butter yielded by 
them is very small, whilst the cheese is in unfisually-Mrge proportion ; 
but these same cattle, when stall-fed, give a large quantity of butter and 
very little cheese. It is quite possible, moreover, that particular breeds 
of cattle may yield milk of a richer quality than others. Thus Vernois 
and Becquerel* found that Tyrolese, Dutch, and Swiss cows gave milk 
containing from 7 to nearly 10 per cent of butter, with much casein and 
albumen; whilst the cows in the immediate neighbourhood of Paris 
furnished a poor milk, containing only 3*G or 3* § 7 per cent of butter, and 
but little casein. The total amount of solid matter in the milk diminishes 
with age, being most abundant in nursing women of from 15 to 20 years, 
and smallest in those of from 35 to 40 years of age. 

808. The change which naturally takes-place from the condition of 
Colostrum to that of true Milk, during the first week of lactation, is a 
very important one. The Colostrum has a purgative effect upon the 
child, which is very useful in clearing its bowels of the meconium that 
loads them at birth ; and thus the necessity of any other purgative is 
generally superseded. Occasionally, however, the colostric character is 
retained by the milk during an abnormally long period ; and the health 
of the infant is then severely affected. It is important to know that this 
may occur, even though the milk may present all the usual appearances of 
the healthy secretion ; but the microscope at once detects the difFerence.| 
The return to the character of the early milk, which has been stated to 
take-place after the expiration of about twelve months, seems to indicate 
that Nature designs the secretion no longer to be encouraged ; the 
mother’s milk cannot then be so nutritious to the child as other food ; J 
and every medical man is familiar with the injurious consequences to 
which she renders herself liable, by tmduly prolonging lactation. § Cases 
are not unfrequent, however, in which the secretion continues as long as 
there is a demand for it; and sometimes quite independently of this. It 
is the habit, among some nations, to suckle the children until they are 
three or four years old, and to continue doing so even though another 
pregnancy should supervene ;|| so that the older child is only displaced 

* '‘L’Union M^dicale,” xi. No. 26. 

•f* See Donn^, “Du Lait, et eu particulier celui des Nourrices,” and ** Brit, and For. 
Med. Review,” vol. vi. p. 181. 

$ On the whole subject of Infant Nutrition, the Author would strongly recommend 
the excellent little work of Dr. A. Combe, formerly referred-to. 

§ One of these, which has particularly fallen under the Author’s notice, m debility of 
the retina, sometimes proceeding to complete amaurosis ; this, if treated in time^ is 
most commonly relieved by discontinuance of lactation, generous diet, and quinine. 

II See Erman*s ** Travels in Siberia ** (translated by Cooley), yol. ii. p. 627 ; and the 

Narrative of the United States* Exploring Expedition,** vol. ii. p. 18$. 
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by the arrival of another infant. And it seems to be chiefly among those 
who have thus forced the mammary gland into a state of unnaturally - 
persistent activity, that the spontaneous and irrepressible flow continues, 
after the demand for it has ceased.^ 

809. It is very interesting to observe that Milk contains the three 
classes of principles which are required for human food, — ^the Albuminous, 
the Oleaginous, and the Saccharine ; and it is the only secreted fluid in 
which these all exist to any considerable amount. It is, therefore, the 
food most perfectly adapted for the young animal ; and is the only single 
article supplied by nature, in which such a combination exists. Our 
artificial combinations will be suitable to replace it, just in proportion as 
they imitate its character ; but in none of them can we advantageously 
dispense with milk, under some form or other. It should be remembered 
that the Saline ingredients of milk, especially the phosphates of lime, 
magnesia, and iron, have a very important function in the nutrition of the 
infant, affording the material for the consolidation of its bones and for 
the production of its red blood-corpuscles ; and any fluid substituted for 
milk, which does not contain these, is deficient in essential constituents. 
It is very justly remarked by Dr. Eees,f that, of all the secreted fluids, 
Milk is most nearly allied in its composition to Blood. 

810. The proportion of the different ingredients in the Milk of dif- 
ferent animals, is subject to considerable variation : and this fact is of 
much practical importance in guiding our selection, when good Human 
milk cannot be conveniently obtained for the nourishment of an infant. 
The first point to be inquired-into, is the quantity of solid matter con- 
tained in each kind; this may be determined either by evaporation, or by 
the specific gravity of the fluid. The Specific Gravity of Human Milk is 
stated by Dr. Eees (loc. cit.) to vary between 1030 and 1035; others, 
however, have estimated it much lower. That of the Cow appears to be 
usually about the same ; that of the cream, however, being 1024, and 
that of the skimmed-milk about 1035. The variation will in part 
depend (as in the case of the urine) upon the quantity of fluid ingested, 
and in part, it is probable, upon the manner in which the milk is drawn ; 
for it is well known to milkers, that the last milk they obtain is much 
richer than that with which the udder is distended at the commencement. 
The quantity of solid matter obtainable from Cow’s Milk by evaporation, 
seems to be usually considerably greater than that yielded by Human 
Milk ; and there is also a considerable difference in the relative propor- 
tions of their ingredients, there being far more casein and less sugar in the 
milk of the Cow, than in that of the Human female. The following table 
exliibits the average proportions of the different ingredients, in the Milk 
of various animals firom which that fluid is commonly obtained ; these 
proportions, however, are liable to wide variations : — 

* Thus Dr. Green has published (“New York Journ. of Med. and Surg.,’* Sept. 
1844) the case of a lady, set. 47, the mother of four children, who had an abundant 
supply of milk for twenty-seven years previously. A period of exactly four years and a 
half occurred between each birth ; and the children were permitted to take the breast 
until they were running about at play. At the time when Dr. G. wrote, she had been 
nine years a widow, and was obliged to have her breasts drawn daily, the secretion of 
milk bemg so copious. 

t “Cyclopedia of Anatomy and Physiology,’* Art. *Milk.* 
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Woman, 

Cow, 

Chat, 

SUep, 

Am. 

Ifare. 

Water . . 

(Simon.) 

(Simon.) 

1 

1 

(Chevallier.) 

(Simon.) 

(Loisdns.) 

. . 890 

860 

868 

856 

907 

• 888 

Solids . . 

. . no 

140 

132 

144 

95 

112 

Batter . . 

. . 25 

38 

33 

42 

12 

8 

Casein . . 

. . 36 

68 

40 

45 

16 

16 

Sugar and Extractive 48 

30 

53 

50 

1 65 

88 

Fixed Salts . 

. . 2 

6 

6 

7 


It appears from this, that, whilst the milks of the Cow, Goat, and Sheep 
have a general correspondence with each other, those of the Ass and Mare 
are fluids of very dissimilar character, containing a comparatively small 
proportion of casein, and still less butter, but abounding in sugar. Hence 
it is that they are much more disposed to ferment than other milk ; 
indeed the sugar of Mare’s milk is so abundant, that the Tartars prepare 
from it a spirituous liquor, to which they give the name of koumiss. 
Although no milk more nearly approaches that of the Human female, in 
the proportion of its ingredients, than that of the Goat, its casein forms 
a peculiarly-dense curd, which does not suit the stomach of the infant ; 
besides which, the milk is tainted with the peculiar odour of the animal, 
which is more intense if the individual be dark-coloured. The milk of 
the Ass, though differing in the proportion of its ingredients, seems to 
bear a closer approximation in properties (§ 806). The milk of the Cow 
will usually answer very well for the food of the infant, if care be taken 
to dilute it properly, according to the age of the child, and to add a little 
sugar. Where there is an apprehension of an early failure in the supply 
of Milk, the Author has found it advantageous to commence feeding the 
Infant once a day with this mixture, soon after the first month ; the 
number of its meals may be progressively increased, luitil it becomes 
entirely independent of its parent, without any abrupt transition ; and at 
the same time the proportion of water and of sugar may be diminished, 
in accordance with the natural change which takes place in the milk of 
the mother during the progress of lactation (§ 807). 

811. From what has been stated of the close correspondence between 
the elements of the Blood and those of the Milk, it is evident that we can 
scarcely expect to trace the existence of the latter, as such, in the circu- 
lating fluid. To what degree the change in which their elaboration 
consists, is accomplished in the Mammary gland, or during the course of 
the circulation, there is no certain means of ascertaining. It is evident 
that the secretion cannot serve as the channel for the deportation of any 
element, the accumulation of which would be injurious to the system ; 
since it does not occur in the Male at all, and is present in the Female at 
particular times only. Yet there is reason to believe that if, whilst the 
process is going-on, it be suddenly checked, the retention of the material 
in the blood, or the re-absorption of the secreted fluid, is attended with 
injurious consequences. Thus if, when the milk is first secreted, the 
child be not put to the breast, an accumulation takes place, which, if not 
relieved, occasions great general disturbance of the system. The narrow- 
ness of the orifices of the milk-tubes obstructs the spontaneous exit ol 
the fluid, especially in primiparce ; the reservoirs and ducts become 
loaded ; further secretion is prevented ; and a state of congestion of the 
vessels of the gland, tending to inflammation, is induced. *The accom- 
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pan 3 riiig fever is partly due, no doubt, to the local disturbance ; but in 
part alTO,^there seems reason to believe, to the re-absorption of the milk 
into the blood ; this cannot but be injurious, since, although but little 
altered, the constitution of milk is essentially different, especially in regard 
to the quantity of crystallizable matter (sugar) which it contains. — Cases 
of the vicarious secretion of milk are not numerous ; and in no instance 
is there any proof that the elements of the fluid were pre-existent in the 
blood. Some of the most curious are those in which it has been 
poured-out from a gland in the groin ; but it is probable that this was 
in consequence of the existence of a real repetition, in that place, of the 
true mammary structure ; this being the situation of the mammae in many 
of the inferior animals, of which the homologues in Man are usually 
undeveloped.* 

812. Of the quantity of Milk ordinarily secreted by a good Nurse, it 
is difficult to form a correct estimate ;f since the amount which can be 
artificially drawn, affords no criterion of that which is secreted at the 
time of the ‘ draught’ (§ 711). The quantity which can be squeezed 
from either breast at any one time, and which, therefore, must have 
been contained in its tubes and reservoirs, is about two ounces. The 
amount secreted is greatly influenced by the mental and physical con- 
dition of the female, and also by the quantity and character of the ingesta. 
In regard to the influence of the mental state upon this secretion, ample 
details have already been given (§§ 711, 803). With respect to the 
physical state most favourable to the production of an ample supply of 
this important fluid, it may be stated generally, that sound health, a 

* The following is a more unequivocal case of vicarious secretion ; and it is peculiarly 
interesting as exhibiting the injurious effects of the re-absorption of the secretion, and 
the relief which the system experienced when it was separated from the blood by the new 
channel. A lady of delicate constitution (with a predisposition to pneumonia) was pre- 
vented from suckling her child, as she desired, by the following circumstance. Soon after 
her delivery she had a severe fever, during which her breasts became very large and hard ; 
the nipples were swollen and firm ; and there was evidently an abundant secretion of 
milk ; but neither the sucking of the infant, nor any artificial means, could draw a single 
drop of fluid from the swollen glands. It was clear that the milk-tubes were closed ; and 
as the breasts continued to grow larger and more painful, purgatives and other means 
were employed to check the secretion of milk. After three days the fever somewhat 
diminished, and was replaced by a constant cough, which was at first dry, but soon after 
was followed by the expectoration of simple mucus. After this, the cough diminished 
in severity, and the expectoration became easy ; but the sputa were no longer mucous, 
but were composed of a liquid, which had all the physical characters of genuine milk. 
This continued for fifteen days ; the quantity of milk expectorated amounting to three 
ounces or more in the twenty-four hours. The breasts gradually diminished in size ; 
and by the time that the expectoration ceased, they had regained their natural dimen- 
sions. The same complete obstacle to the flow of milk from the nipples recurred after 
the births of four children successively, with the same sequel®. After the sixth, she 
had the same symptoms of fever, but this time they were not followed by bronchitis 
or the expectoration of milk ; she had in their stead copious sweatings, which, with 
other severe symptoms, reduc^ her to a cachectic state, and terminated fatally in a fort- 
night.” (“JBulletino delle Scienze Mediche,” Apr, 1839 ; and “Brit, and For, Med. 
Review,” Jan. 1840.) 

i* For an estimate by M. Guillot, founded on the comparative weight of the Infant 
before and after lactation, see “L’Union M4dicale,” 1852, No. 16. The total amount 
considered by Mona. G. to be usually drawn in the twenty-four hours, varies from 82 oz. 
to 64 oz. (apoth.) ; but his estimates are vitiated by the extraordinary frequency of the 
ketations observed, the infant being put to the breast from 25 to 80 times in the twenty- 
four hours. 
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vigorous but not plethoric constitution, regular habits, moderate but not 
fatiguing exercise, and an adequate but not excessive amount of nutritious 
food, flunish the conditions most required. It is seldom that stimulating 
liquors, which are so commonly indulged-in, are anything but prejudicial; 
and even where, as sometimes luiquestionably happens, an improvement 
in the condition both of mother and infant is the immediate result of the 
moderate employment of them, it is questionable whether the remote 
effect is not of a reverse nature.* Their modus operandi^ when they are 
really beneficial, seems to lie in promoting the digestive process, and in 
thus aiding in the appropriation of those nutritive materials which con- 
stitute the real source of the solid constituents of the milk. 

813. The influence of various Medicines upon the Milk, is another 
important question which has not yet been sufficiently investigated. As 
a general rule, it appears that most soluble saline compounds pass into the 
milk as into other secretions ; but there are many exceptions. Common 
salt, the sesqui-carbonate of soda, sulphate of soda, iodide of potassium, 
oxide of zinc, tris-nitrate of bismuth, and sesqui-oxide of iron, have been 
readily detected in the milk, when these substances were experimentally 
administered to an Ass ; and ordinary experience shows that the Human 
infant is affected by many of these, when they are administered to the 
mother. The influence of mercurial medicines taken by the mother, in 
removing from the infant a syphilitic taint possessed by both, is also well 
known. The vegetable purgatives, especially castor-oil, senna, and colo- 
cynth, have little effect upon the milk ; hence they are to be preferred to 
the saline aperients, when it is not desired to act upon the bowels of the 
child. 


CHAPTER XVII. 

OF THE DIFFERENT BRANCHES OF THE HUMAN FAMILY, 

AND THEIR MUTUAL RELATIONS. 

1. General Considerations. 

814. On taking a general survey of the Human race, it is natural, in 
the first place, that we should proceed to inquire into the evidence at 
present possessed of its antiquity, and into the physical and social conditions 
which prevailed in the most remote periods of which any information 
can be acquired ; and secondly, that we should endeavour to ascertain 
whether the origin of the race is attributable to a single pair whose off- 
spring have peopled the earth, or whether there may not have been a 
plurality of parents or of centres from which the singularly different 
nations that are now in existence have sprung. The question of the 
remote Antiquity of Man, though long ago suggested, h^ only of late 
years, on account of the numerous facts which seem to lend support to it, 
awakened a lively spirit of philosophic inquiry. When our attention has 
been directed to it, however, it soon appears that no subject possesses a 

* See the Author’s ** Physiology of Temperance and Total Abstinence,” § 208. 
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deeper interest than the relation in which Man stands to the organic world 
around him, — both animal and vegetable : whether he was originally 
created with his corporeal powers, and the intellectual faculties to which 
they minister already developed to their highest extent, and capable of 
the peatest results that have been achieved in subsequent times; or 
wheflier he is not rather to be regarded as the crown and acm4 of a long 
process of development commencing with far simpler organisms, which, 
under the protracted operation of external agents, and in accordance with 
the law of continuous descent with modification through natural selection 
(whereby those animals that are the strongest and best aiipted for the special 
conditions of life present at any time, supplant, and ultimately exterminate 
the less perfectly constituted), has at length culminated in a creature that 
even now, howsoever noble in reason and infinite in faculties, yet presents 
a transitory condition only to some more exalted phase of existence. The 
facta on which this opinion rests are of various character and weight, and 
a few only of the more important can here be alluded-to. We have seen 
that in the earliest stages of the development of the embryo of the Human 
subject, in this respect presenting a character common to all animals, 
a single cell is alone discoverable, which receiving an accession of energy 
from the sperm-cell, and being placed under favourable conditions for the 
acquisition of the materials requisite for growth, soon undergoes sub- 
division ; and that in the cellular mass thus formed a differentiation of 
parts takes-place, by which the various organs and tissues of the body are 
successively evolved. In the higher forms of the animal creation we have 
further seen that at certain transitory stages of development a close analogy 
exists with the permanent conditions of creatures occupying a lower 
position in the scale ; and that, whilst throughout the whole a wonderful 
unity in the process is clearly discernible, each species presents certain 
characteristic features which are peculiar to itself alone. This, it is sup- 
posed, may have occurred in the history of the world. A few great types 
may have been originally formed, which, in the lapse of ages, owing to the 
action of external agents, as light, heat, and food, and to the perpetuation 
of accidental varieties especially adapted to these external conditions, have 
gradually resulted in the infinitely varied species that now surround us.* ** 
With this extraordinary similarity in the process of development 
throughout the whole animal kingdom, which seems very difiSicult 
to account for upon the theory of a separate creation for each species, 
it cannot be a matter of surprise that close bonds of alliance should be 
found in the adult period of life even amongst the most dissimilar creatures. 
The Birds, for instance, appear to be a singularly well-defined and separate 
group ; yet the researches of Mr. Parkerf have shown that in their osseous 
system they possess afiSnities with every other class of the Vertebrata ; 
so that, whilst presenting the closest analogies to Reptiles, and especially 
to the Lacertilian group, they anticipate, on the one hand, various Mam- 
malian characters, and on the other recede, as it were, below Reptiles, 
retaining different Ichthyic points of structure, which are not, as a rule, 
found in that class. And thus it has ever been found that the more closely 

* For a fall exposition of this theory, see Darwin “ On the Origin of Species by Means 
pf Natural Selection,” Ac., 1859. 

t See his paper * On the Osteology of the Oallinaoeous Birds and Tinnamons/ in the 

** Trans, of tiie Zoological Society” for Nov. 25, 1862. 
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the structure of even the most aberrant forms of animal life have been 
investigated, the wider have been the affinities discovered, often explaining 
what was previously obscure in the structure of others, whilst at the same 
time the more complete has been the proof that no real isolation of a 
species, much less of a genus or family, exists. It is indeed probable, 
— and this is a point on which Mr. Darwin lays great stress,--~that were it 
possible to reproduce the entire series of forms now become extinct, a 
regular gradation would be presented from the lowest to the highest ; 
and hence that, as Dr. Hooker has maintained,* we are indebted for our 
means of resolving plants into limitable genera and orders simply to the 
extinction of the forms by which they were originally connected. The 
reason that the intermediate links have not been discovered, is owing 
essentially to the imperfection of the geological record. Of that great 
book, comparatively few leaves have as yet been deciphered ; whilst even 
under the most favourable circumstances, and witli the largest amount of 
information that can be obtained from this source, it is certain that the 
softness of the tissues of many animals will have presented an effectual 
obstacle to their preservation. It is obvious that if this mode of expla- 
nation of the production of species be extended to its utmost limits, we 
may reach the extreme of simplicity ; for it may well be said that if a 
few types only are needed, these may again be reduced in number to a 
gi*eater and still greater degree, until at length we arrive at that which 
is common to all at some stage of their existence — the single nucleated 
cell, — a structure which comprehends the totality of the life of some 
animals and vegetables, and is constantly met with as the earliest stage of 
development of all ; whilst the whole superstructure of both kingdoms 
may be considered to proceed from a gradual process of development and 
differentiation of this primary and most simple organization. 

815. By those who embrace the developmental theory, numerous 
facts have been recently collected, tending in the first place to prove 
that Man has existed for many thousands of years upon the face of 
the earth; and secondly, that the more remote the period at which 
he can be proved to have existed, the ruder, more savage and degraded, both 
in a social and a structural or physical point of view, was his condition. 
In regard to the former point, very strong evidence has recently been 
obtained by the discovery of Human remains intermingled with those of 
extinct animals, as the Mammoth, Cave Bear and woolly Jihinoceros, in 
the breccias of various caverns, as in those of Li^ge and Engis; whilst 
in other instances where no bones have been discovered, perhaps in con- 
sequence of the practice of burning the dead, almost equally unexcep- 
tionable evidence has been obtained from the discovery of works of art 
fashioned by Human hands, as in the flint implements found buried in the 
drift at Abbeville in Picardy and at St. Acheul near Amiens, and 
those found at Hoxne in Suffolk, and in Brixham Cave near Torquay .*1* 
In these instances the geological position of the remains, as well as the 
circumstance of their being accompanied by the bones of so many ex- 
tinct animals, alike point to a remote antiquity. In particular, a very 
close investigation of those found at Moulin Quignon, near AbbeviUe, by 

* “Introduction to the Flora of New Zealand,’* 1853. 

t For full information respecting which, see “ The Antiquity of Man,** by Sir Charles 
Lyell, 1863. 
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M. Bouclier de Perthes and others, has been made by Mr. Prestwich,* 
who has shown that although some doubts may attach respecting the 
authenticity of the Human jawbone and some of the flint implements 
recently discovered there; yet that the genuineness of other flint implements 
cannot be doubted, and that the age of the gravel-beds in which they have 
been discovered is perfectly well determined as belonging to an early Qua- 
ternary or Postpliocene period, dating before the excavation of the valley 
of the Somme, and consequently to a period when the physical character of 
the coTmtry wore a very different aspect from that which it now presents. 

816. Nor can the circumstance be disregarded, that in the oldest 
existent monuments, as on those of Amenophis, of Horns, and of Rhamses,! 
sculpture and painting, amongst the latest of the fine arts in their develop- 
ment, had attained to so high a degree of perfection amongst the Egyp- 
tians, that the types of the Human race there depicted may still be referred 
to as excellent portraitures of some of the still existing varieties — the Jew, 
the Mongol, and the ^Ethiopian being readily distinguishable. For this 
indicates, on the one hand, the wonderful permanence of particular types, 
and so far constitutes an argument against the Specific Unity of Man on the 
assumption that his duration upon the earth has not exceeded, as ordinarily 
computed, some 6000 years ; whilst if we estimate the period occupied in 
the progress to a high degree of civilization in these old times by the rate at 
which it has advanced in the history of modern European nations, we find 
it requisite to admit the lapse of a much longer period than is usually 
allowed, and of a long sequence of antecedent generations. In aU the 
nations of Western Europe, in France, in England, in Germany alike, 
it has taken many centuries to rear the modem fabric of civilization ; and 
the ultimate results obtained by ancient nations, however imperfectly 
they may be known to us, do not appear to be of so extraordinary a 
nature as to lead us to attribute to them a superior, if even an equal, 
measure of intellectual endowments with ourselves, nor on that account 
to admit that their progress in mental culture may have been more rapid. J 

817. The evidence tending to show that the most ancient races of 
Man possessed a materially lower type of organization than those at pre- 
sent in existence, is not by any means sufficient to enable any general 
conclusions to be drawn respecting the truth of the developmental 
theory, or to show that there have been transitional links between the 
higher Apes and Man. In the most remarkable cranium yet dis- 
covered, that of the Neanderthal, which has been most carefully 
examined by Prof. Huxley, the forehead is indeed unusually low 
and retreating, the supraorbital ridges prominent, and the bones 
remarkably thick. Yet its cubic capacity does not appear to be mate- 
rially less than that of many crania that might be selected from modem 
nations ; and hence, as Mr. Huxley adds, the first traces of the primordial 
stock whence Man has proceeded need no longer be sought by those who 
entertain any form of the doctrine of progressive development in the 

* See ** Phil, Transact.,’* 1860, p. 277 ; “Proc. of the Royal Society,” vol. xii. 1862, 
p. 38 ; and “ Quarterly Journal of flie Geological Society,” Nov. 1, 1 863, voL xix. p. 497. 

+ See Samuel Morton, ** Crania .Sgyptiaca,” Philad., 1844 ; and the works of Cham- 
pollion and Eosellini ; Paul Broca, *On^e Phenomena of Hybridity in Man,’ Journal 
dela Phymol.,” vol. 1861. 

Sir Charles Lyell, “ Antiquity of Man,” p. 89. 
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newest tertiaries, but must be looked for in an epoch more distant from 
the age of the Elephas primigenius (mammals) than that is from us. 

818. Many interesting facts have recently come to light, which, whilst 
furnishing corroborative geological evidence of the antiquity of Man, 
afford important means of estimating the material and social conditions of 
his existence in these distant epochs. The most interesting evidence 
upon these points is derived from the Danish Peat Mosses. These, which 
are of considerable depth, varying from 30 to 40 feet or more, have been 
the result of the slow formation of ages; and from the extraordinary pre- 
servative power which they possess, have become the receptacles or de- 
positaries of a series of objects, from which, by a process of inductive 
reasoning, the most valuable conclusions can be drawn. On the surface 
of the soil of Denmark in the present time there flourish magnificent 
forests of Beech trees, numerous trimks of which are found in the super- 
ficial layers of the Peat, mingled with those of other trees, as the Alder, the 
Aspen, and the Birch. With these are found various instruments con- 
structed of iron, a metal requiring a considerable amount of technical 
skill in its extraction, partly on account of the chemical processes to which 
the ores have to be subjected, and partly on account of the extremely high 
temperature required for its fusion or welding. These tools are accom- 
panied by the skulls of men presenting close analogies to the present 
Scandinavian type, of whom, indeed, they may be considered as the early 
ancestors. Below the Beeches, the trunks of Oaks are found, and iron 
instruments cease to appear, being replaced by those of bronze. Mr. 
Lubbock* has adduced various considerations to show that these workers in 
bronze, which is composed of copper and tin, were of Eastern origin, and 
were perhaps allied to the modern Hindoo, with whom they agreed in the 
form of the head, in the practice of burning the dead, in their leading a 
pastoral and agricultural life, as evidenced by the associated remains of 
sheep, oxen, and pigs, and in using cylindrical as well as cubic dice. 
Still lower in the Peat the scene once more changes ; the trunks of Pines 
now abound^ and with these have been discovered crania belonging to a 
wholly different race — a race who were ignorant of even the simplest pro- 
cesses of metallurgy, and were only able to fashion, though often with great 
skill and ingenuity, a series of stone or flint instruments — hammer, chisel, 
saw, adze or dagger — and who were probably a hunting and fishing na- 
tion, burying their dead in tumuli or barrows. Additional information 
has been gained respecting this race, or the races coeval with them, by 
the investigation of the Swiss Lake Habitations, the piles supporting 
■which have been fmmd in the lakes of Zurich, Constance, and Geneva ; 
and still more by careful examination of the Danish “ Kitchen-middings.” 
In the former the same succession of Iron, Bronze, and Stone eras appear 
to have succeeded one another; whilst the latter seem to be refuse-heaps, 
composed of oysters, cockles, mussels, periwinkles, and other moUusca 
which have been thrown out around their habitations by men of the Stone 
period. The crania of this race are small and round, with overhanging 
eyebrows. The remains of dogs and various wild animals are found in 
the middings, which, with the canoes, and the bones of deep-sea fish, as 
the cod and herring, seem to show that this ancient people lived by 
hunting and fishing, 

* Natural History Review/’ 1861, p. 489. 



850 


OF THE BRANCHES OF THE HUMAN FAMILY. 


819. In pursuing the second branch of our inquiry, it is apparent that 
amongst the various tribes of Men which people the surface of the globe, 
and which are separated from all other animals by the characters formerly 
described (Chap, ii.), there are differences of a very striking and im- 
portant nature. They are distinguishable from each other, not only by 
their language, dress, manners and customs, religious belief, and other 
acquired peculiarities, but by the physical conformation of their bodies ; 
and the difference lies not merely in the colour of the skin, the nature of 
the hair, the form of the soft parts (such as the nose, lips, &c.), but in the 
shape of the skull and of other parts of the bony skeleton, which might be 
supposed to be less liable to variation. Now it is clearly a question of 
great scientific interest, as well as one that considerably affects the mode 
in which we regard the races that differ from our own, whether they are 
all of one species^ that is, descended from the same or from similar 
parentage, — or whether they are to be considered as distinct species^ the 
first parents of the several races having had the same differences among 
themselves as those which are now exhibited by their descendants. 

820. In order to arrive at a just conclusion on this subject, it is neces- 
sary to take a very extensive survey of the evidence furnished by a 
number of different lines of inquiry. Thus, in the First place, it is right 
to investigate what are the discriminating structural marks, by which 
species are distinguished among other tribes of animals. — Secondly, it 
should be ascertained to what extent variation may proceed among races 
which are historically known to have had a common parentage, and what 
are the circumstances which most favour such variation. — Thirdly, the 
extreme variations which present themselves among the different races of 
Men, should be compared with those which occur among tribes of animals 
known to be of the same parentage ; and it should be questioned, at the 
same time, whether the circumstances which favour the production of 
varieties in the latter case are in operation in the former. — Fourthly, 
where it is impossible to trace-back distinct races to their origin, it is to 
be inquired how far agreement in physiological and psychological peculi- 
arities may be regarded as indicating sj)ecific identity, even where a con- 
siderable difference exists in bodily conformation ; and this test, if it 
can be determined-on, has to be applied to Man. — Fifthly, it must be 
attempted, by a detailed examination of the varieties of the Human race 
themselves, to ascertain whether their differences in conformation arc 
constant ; or wdiether there are not such occasional manifestations, in each 
race, of a tendency to assume the characters of* others, as to prevent any 
definite lines being drawn between the several tribes which together 
make-up the (supposed) distinct species. — An investigation so compre- 
hensive could not be followed-out, .even in the most cursory manner that 
would be consistent with utility, within the limits of the present work ; 
and no more will be attempted, therefore, than an indication of the prin- 
cipal points of difference among the several Races of Men, and a statement 
of the results of inquiry into their degree of constancy in each of the 
principal groups which they have been thought to mark-out.* 

* The whole of this iuvestigation has been most elaborately, and in the Author’s 
opinion most successfully worked-out by Dr. Prichard, in his profound and philosophical 
Treatise on the “Physical History of Man.” For a more concise view of Dr. Prichard’s 
argument, with some additional considerations not embraced in it, the Author may refer 
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821. The differential characters on which those have relied, who have 
sought to establish the existence of o. plurality of species among Mankind, 
are both Anatomico-Physiological, and Psychological. Under the former 
head rank the colour of the Skin, the texture of the Hair, and the con- 
formation of the bony Skeleton, especially the Skull. The latter consist 
in the superiority claimed for some races over others, in Intellectual ^ 
power, and in Moral and Religious capacity. The former group will be 
the one first considered. 

822. The Colour of the skin exists in the Epidermis only ; and it 
depends upon the admixture of pigment-cells with the ordinary epidermic 
cells ; all the varied hues presented by the different races of men being 
due to the relative amount of these cells, and to the particular tint of the 
l)igment which they form. It would be easy, by selecting well-marked 
specimens of each race, to make it appear that colour affords a character 
sufficiently distinctive for their separation; thus, for example, the fair and 
ruddy Saxon, the jet-black Negro, the olive Mongolian, and the copper- 
coloured North American, might be considered to be positively separated 
from each other by this character, — ^propagated, as it seems to be, with 
little or no perceptible change, from generation to generation. But 
although such might appear to be the clear and obvious result of a com- 
parison of this kind, yet a more careful and comprehensive survey tends 
to break-down the barrier that would be thus established. For, on 
tracing this character through the entire family of Man, we find the 
isolated specimens just noticed to be connected by such a series of links, 
and the transition from one to the other to be so very gradual, that it is 
impossible to say where the lines are to be drawn between them. There is 
nothing here, then, which at all approaches to those fixed and definite 
marks, that are always held to be requisite for the establishment of 
specific distinctions among other tribes of animals. 

823. But further, there is abundant evidence that these distinctions are 
far from being constantly maintained, even in any one race. For among 
all the principal subdivisions, albinoism^ or the absence of pigment-cells, 
occasionally presents itself ; so that the fair skin of the European may 
present itself in the offspring of the Negro or of the Red Man.* On the 

to his own Article on the ‘Varieties of the Human Species,’ in the “Cyclop, of Anat. 
and Phys.,” vol. iv. — See also Dr. R. G. Latham’s “ Natural History of the Varieties of 
Man and his shorter Essay on the ‘Varieties of the Human Species,’ in Orr's “Circle 
of the Sciences,” vol. i. 

* A very curious example of change of colour in a Negro has been recently recorded 
on unquestionable authoiity. — The subject of it is a negro slave in Kentucky, set. 46, 
who was born of black parents, and was himself peifectly black until 12 years of age. 
At that time a portion of the skin, an inch wide, encircling the cranium just within the 
edge of the hair, gradually changed to white ; also the hair occupying that locality, A 
white spot next appeared near the inner can thus of ihe left eye ; and from this the white 
colour gradually extended over the face, trunk, and extremities, until it covered the 
entire surface. The complete change from black to white occupied about ten years ; and 
but for his hair, which was crisped or woolly, no one would have supposed at this time 
that his progenitors had offered any of the characteristics of the Negro, his skin pre- 
senting the healthy vascular appearance of that of a fair-contplexioned European. When 
he was about 22 years of age, however, dark copper-coloured or brown spots began to 
appear on the face and hands ; but these have remained limited to the portions of the 
surface exposed to light. About the time that the black colour of his skin began to dis- 
appear, he completely lost his sense of smell (§ 594, note) ; and since he has become 
white, he has had measles and hooping-cough a second time. (See Dr. Hutchinson’s 

3 i2 



852 


OF THE BRANCHES OF THE HUMAN FAMILY. 


Other hand, instances are by no means rare of the unusual development 
of pigment-cells in individuals of the fair-skinned races ; so that parts of 
the body are of a dark red or brown hue, or are even quite black. Such 
modifications may seem of little importance to the argument ; since they 
are confined to individuals, and may be put aside as accidental. But there 
is ample evidence that analogous changes may take place in the course of 
time, which tend to produce a great variety of shades of colour, in the 
descendants of any one stock. Thus, in the great Indo-European family 
(part of the Caucasian race of Blumenbach), which may be unquestionably 
regarded as having had a common origin, we find tribes with fair com- 
plexion, yellow hair, and blue eyes, — others presenting the xanthous or 
olive hue, — and others decidedly black. A similar diversity may be seen 
among the American races, which are equally referable to one common 
stock ; and it exists to nearly the same extent among the African nations, 
which appear to be similarly related to each other. It may be freely 
admitted that, among European colonists settled in hot climates, such 
changes do not present themselves within a few generations ; but in many 
well-known instances of earlier colonization, they are very clearly mani- 
fested. Thus the wide dispersion of the Jewish nation, and their remark- 
able isolation (maintained by their religious observances) from the people 
among whom they live, render them peculiarly appropriate subjects for 
such observations ; and we accordingly find that the brunette complexion 
and dark hair, which are usually regarded as characteristic of that race, 
are frequently superseded, in the Jews of Northern Europe, by red or 
brown hair and fair complexion; whilst the Jews who settled in India 
some centuries ago, have become as dark as the Hindoos around them. 

824. The relation of the complexions of the different Eaces of Man- 
kind to the climates they respectively inhabit, which is established by an 
extended comparative survey of both, leads to the general conclusion 
that the intertrojDical region of the earth is the principal seat of the 
darkest races, whilst the region remote from the tropics is that of the 
fairer races ; and that the climates approaching the tropics are generally 
inhabited by nations which are of an intermediate complexion. It is 
important to observe, however, that no regular gradation of tint can be 
observed in passing from the equatorial to the polar regions. M. Paul 
Broca* has ])articularly pointed-out that the Esquimaux of Greenland, 
the Lapps and Finns of Europe, and the 8amoyedes and Kamschatkans of 
Asia, all of them nations inhabiting the most northern regions of the 
habitable globe, present a deep olive complexion, dark straight hair, and 
dark eyes ; being considerably deeper in hue than the Chinese, Burmese, 
Cochin- Chinese, and Malays, although these are situated so much nearer 
the equator, and are exposed to the rays of a far fiercer sun. The same 
conclusion is forced upon us by a survey of the various nations inhabiting 
the western shores of America ; for if we trace them in succession from 
Behring’s Straits to Patagonia, we shall find that under the same latitude 

account of this case, in the ‘Amer. Jonm. of Med. Sci.,” Jan. 1852. — A case of partial 
disappearance of the black colour of the Ne^:ro’8 Skin 'was brought by Dr. Inman before 
the Zoological Section of the British Association at Liverpool, Sept. 1854. 

• In his paper ‘On Hybridity,* in M. Brown-S6quard’s “Journal de la Physiolo^e” 
for 1858, p. 462. See for many analogous instances, J, Craufurd, in the “Transactions 
of the Ethnological Society,” vol. i. p. 364. 
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as Norway there dwells a race whose colour is yellowish-brown, mixed 
with red ; under that of England a perfectly white race (Vancouver’s 
Islanders), under that of France a red race (Oregon), under that of Spain 
and Algeria a black race (California). From thence as far as the 
equator, under the same latitude as Guinea and Soudan, are races of a 
merely brown tint, much lighter than the inhabitants of those regions. 
Lastly, the races which occupy the littoral region extending from the 
equator to Terra del Fuego, present a brown tint, becoming lighter as the 
colder regions are approximated ; but are suddenly succeeded, under the 
rigorous climate of Patagonia, by one or more blackish or altogether 
black races. To these observations it may be added, that high mountains, 
and countries of great elevation, are generally inhabited by people of a 
lighter colour than are those of which the level is low, such as swampy or 
sandy plains upon the sea-coast. These distinctions are particularly well 
seen in Africa, where the tropics almost exactly mark-out the limits of 
the black complexion of the inhabitants ; and where the deepest hue is to 
be seen among the Negroes of the Guinea Coast, whose residence unites 
both the conditions just mentioned, whilst the mountainous regions in 
their immediate vicinity are inhabited by tribes of a much lighter aspect. 

825. The nature of the Hair is, perhaps, one of the most permanent 
characteristics of different races. In regard to its colour the same state- 
ments apply as those just made with res])ect to the colour of the skin ; 
the variety of hue being given by pigment-cells, which may be more or 
less developed under different circumstances. But it has been thought 
that its texture affords a more valid ground of distinction ; and it is com- 
monly said that the substance which grows on the head of the African 
races, and of some other dark-coloured tribes (chiefly inhabiting tropical 
climates), is trool and not hair. This, however, is altogether a mistake ; 
for microscopic examination clearly demonstrates that the hair of the 
Negro has exactly the same structure with that of the European ; and 
that it does not bear any resemblance to wool, save in its crispness and 
tendency to curl. Moreover, even this character is far from being a 
constant one ; for, whilst Europeans are not unfrcquently to be met with, 
whose hair is nearly as crisp as that of the Negro, there is a great variety 
amongst the Negro races themselves, which present every gradation from 
a completely-crisp (or what is termed woolly) hair, to merely curled or 
even flowing locks.* A similar observation holds-good in regard to the 
natives of the islands of the great Southern Ocean, where some individuals 
possess crisp hair, whilst others of the same race have it merely curled. 
— It is evident, then, that no characters can be drawn from the colour or 
texture of the hair in Man, sufficiently fixed and definite to serve for the 
distinction of races ; and this view is borne-out by the evident influence 
of climate in producing changes in the hairy covering of almost every 
race of domestic animals ; such changes often manifesting themselves in 
the very individuals that have been transported from one country to 
another, and yet more distinctly in succeeding generations. 

* It is a very common mistake, especially in the United States, to consider Negro as 
synonymous with African, So far is this from being the fact, that, as Dr. Latham justly 
remarks, the true Negro area, the area occupied by men of the black skin, thick lips, 
and woolly hair, is exceedingly small ; as small in proportion to the rest of the continent, 
as the area of the district of the stunted Hyperboreans is in Asia, or that of the Lapps 
in Europe.” (See §§ 844 , 846 .) 
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826. It has been supposed that varieties in the configuration of the 
Skeleton would afford characters for the separation of the Human races, 
more fixed and definite than those derived firom differences in the form, 
colour, or texture of the soft parts which clothe it : and attention has 
been particularly directed to the skull and the pelvis^ as affording such 
characters. It has been generally laid-down as a fundamental principle, 
that all those nations which are found to resemble each other in the 
shape of their heads, must needs be more nearly related to each other, 
than they are to tribes of Men which differ from them in this particular. 
But if this principle be rigorously carried-out, it will tend to bring 
together races which inhabit parts of the globe very remote from each 
other, and which have no other mark of aflinity whatever ; whilst, on the 
other hand, it will often tend to separate races which every other character 
would lead us to bring together. It is to be remembered, moreover, that 
the varieties in the conformation of the skeleton, presented by the breeds 
of domesticated animals, are at least equal to those which are manifested 
in the conformation and colour of their soft parts ; and we might reason- 
ably expect, therefore, to meet with similar variations among the Human 
races. It is probable, however, that climate has not so much influence 
in producing such changes in the configuration of the body, as the peculiar 
habits and mode of life of the diflferent races ; and Hr. Prichard has 
pointed-out a very remarkable relation of this kind, in regard to the three 
principal types ot form presented by the Skull. 

827. Among the rudest tribes of Men, hunters and savage inhabitants 
of forests, dependent for their supply of food on the accidental produce of 
the soil or on the chase, — among whom are the most degraded of the 
African nations, and the Australian savages, — a form of head is prevalent, 
which is most aptly distinguished by the term prognathous^ indicating a 
prolongation or forward- extension of the jaws (Fig. 208). This character 


Fio. 208. 



Profile and baaal views of the Prognafkom Skull of a Negro. 


is most strongly marked in the Negroes of the Gold Coast, whose skulls 
are usually so formed as to give the idea of lateral compression. The 
temporal muscles have a great extent, rising high on the parietal bones ; 
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the cheek-bones project forward, and not outward; the upper jaw is 
lengthened and projects forwards, giving a similar projection to the 
alveolar ridge and to the teeth; and the lower jaw has somewhat of the 
same oblique projection, so that the upper and lower incisor teeth are set 
at an obtuse angle to each other, instead of being nearly in parallel 
planes as in the European. From the shape of the upper jaw alone 
would result a marked diminution in the facial angle, measured accord- 
ing to the method of Camper ; but this diminution is far from being suffi- 
cient to approximate the Ethiopian races to the higher Apes, as some 
have supposed it to be (§ 24). Independently of the diminution of the 
facial angle resulting from the projection of the upper jaw, it is quite 
certain that in the typical prognathous skull there is a want of elevation 
of the forehead ; but it does not appear that there is a corresponding 
diminution in the capacity of the cranial cavity, the retreating form of 
the forehead being partly due to the general elongation of the skull in 
the antero-posterior direction. Nor is it true, as stated by some, that 
the position of the foramen magnum in the Negro is decidedly behind 
that which it holds in the European, in this respect approaching that of 
the Apes (§ 21) ; since, if due allowance be made for the projection of the 
uj)per jaw, this aperture is found to have the same position in tho prog- 
nathous skull as ill the oval one, namely, exactly behind the transverse 
line bisecting tho antero-posterior diameter of the base of the cranium. 
The prognathous skull is further remarkable for the large development of 
the parts connected with the organs of sense, especially those of smell and 
hearing. The aperture of the nostrils is very wide, and the internal space 
allowed for the distribution ol' the olfactory nerve is much larger than 
in most European heads ; the posterior openings of the nasal cavity are not 
less remarkable for their width, than the anterior. The external auditory 
meatus is also peculiarly wide and spacious ; and the orbital cavities have 
been thought to be of more than ordinary capacity, — but this last is by no 
means a constant character, 

828. A second type of cranial conformation, very different from the 
preceding, belongs principally to the Nomadic races which wander with 
their herds and flocks over vast plains ; and to the tribes which creep along 
the shores of the Icy Sea, and live partly by fishing and in part on the 
flesh of their reindeer. This form, designated by Dr. Prichard as the 
pyramidal (Fig. 209), is typically exhibited by various nations of Northern 
and Central Asia ; and is seen in an exaggerated degree in the Esquimaux. 
Its most striking character is the lateral or outward projection of the 
zygoma, which is due to the form of the malar bones. These do not pro- 
ject forwards and downwards under the eyes, as in the prognathous skull ; 
but take a lateral or outward direction, forming, with the zygomatic pro- 
cess of the temporal bone, a large rounded sweep or segment of a circle. 
From this, in connection with the narrowness of the forehead, it results 
that lines drawn from the zygomatic arches, touching the temples on either 
side, instead of being parallel (as in Europeans), meet over the forehead, 
so as to form with the basis a triangular figure. The upper part of the 
face being remarkably flat, the nose also being flat, and the nasal bones, 
as well as the space l^tween the eyebrows, being nearly on the same plane 
with the cheek-bones, the triangular space bounded by these lines may 
be compared to one of the faces of a pyramid. The orbits are large and 
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deep ; and the peculiar conformation of the bones which surround it, gives 
to the aperture of the lids an appearance of obliquity, — ^the inner angle 
seeming to be directed downwards. The whole face, instead of presenting 

Fio. 209. 




Front and basal views of the Pyramidal Shill of an rsquimanv 

an oval form, as in most Europeans and Africans, is of a lozenge-shape. 
The greater relative development of the zygomatic bones, and of the 
bones of the face altogether, when compared with the capacity of the 
cranium, indicates in the pyramidal skull a more ample extension of the 
organs subservient to sensation ; the same effect being thus produced by 
lateral expansion, as by the forward extension of the facial bones in the 
prognathous skulls. 

829. The most civilized races, — those which live by agriculture and 
the arts of cultivated life, — all the most intellectually- improved nations of 

Europe and Asia, — ^have a shape 
Fig 210. of the head which differs from 

both the preceding, and which 
may be termed oval or elliptical. 
This at once approves itself as a 
more symmetrical form ; no part 
having an excessive prominence ; 
whilst, on the other hand, there 
is nowhere an appearance of 
undue flattening or compression. 
The head is altogether of a 
rounder sliape than in the other 
varieties, and the forehead is 
more expanded; while the maxil- 
lary bones and the zygomatic 
arches are so formed as to give 
the face an oval shape, nearly on 
Oval Skull of a European. ® plane with the forehead and 

cheek-bones, and not projecting 
towards the lower part. Owing to the more perpendicular direc- 
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tion of the alveolar processes, the front teeth are fixed in planes 
which are nearly or quite parallel to each other. The principal 
features in this form of cranium are thus of a negative character ; the 
chief positive distinction is the large development of the cranial cavity, 
and especially the fulness and elevation of &e forehead, in proportion to 
the size of the face; indicating the predominance of the intellectual 
powers over those merely instinctive propensities which are more directly 
connected with sensations. Among European nations, the Greeks have 
probably displayed the greatest symmetry and perfection in the form of 
the head ; but various departures may be traced towards the preceding 
forms, when we compare the crania of different races, and even of indi- 
viduals, belonging to the stime stock, — some approaching the pyramidal 
form of the Northern Asiatics, whilst others approximate to the prognathous 
type of the Negro. 

830. The influence of habits of life, continued from generation to 
generation, upon the form of the head, is remarkably evinced by the 
transition from one typo to another, which may be observed in nations 
that have undergone a change in their manners and customs, and have 
made an advance in civilization. Thus, to mention but one instance, 
the Turks at present inhabiting the Ottoman and Persian empires, are 
undoubtedly descended from the same stock with those nomadic races which 
are still spread through Central Asia (§ 842). The former, however, 
having conquered the countries which they now inhabit, eight centuries 
since, have gradually settled-down to the fixed and regular habits of the 
Indo-Euro])eaTi race, and have made corresponding advances in civiliza- 
tion ; whilst the latter have continued their wandering mode of life, and 
can scarcely be said to have made any decided advance during the same 
interval. Now the long-since-civilized Turks have undergone a complete 
transformation into the likeness of Europeans; whilst their nomadic 
relatives retain the 2 )yramidal configuration of the skull in a very marked 
degree. Some have attributed this change in the physical structure of the 
Turkish race to the introduction of Circassian slaves into tlie liarcms of 
the Turks ; but this could only affect the opulent and powerful amongst 
the race ; and the great mass of the Turkish population have always in- 
termarried among themselves. The difference of religion and manners 
must have kept them separate from those Greeks whom they subdued in 
the new Ottoman countries ; as in Persia, the Tajiks, or real Persians, 
still remain quite distinct from their Turkish rulers, belonging to a dif- 
ferent sect among the Mussulmans, and commonly living apart from them. 
— In like manner, even the Negro head and face may become assimi- 
lated to the European, by long subjection to similar influences ; thus, 
in some of our older West Indian Colonies, it is not uncommon to meet 
with Negroes, the descendants of those first introduced there, who ex- 
hibit a very European physiognomy ; and it has even been asserted that 
a Negro belonging to the Dutch portion of Guiana may be distinguished 
from another belonging to the British settlements, by the similarity 
of the features and expression of each to those which respectively 
characterize his masters. The effect could not be here product by the 
intermixture of bloods, since this would be made apparent by alteration 
of colour. — But not only may the pyramidal and prognathous types be 
elevated towards the elliptical ; the elliptical may be degraded towards 
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’ of these. Want, squalor, and ignorance, have a special tendency to 
induce that diminution of the cranial portion of the ^ull, and that in- 
crease of the facial, which characterize the prognathous type ; as cannot 
but be observed by any one who takes an accurate and candid survey of 
the condition of the most degraded part of the population of the great 
towns of this country, but as is seen to be pre-eminently the case with 
regard to the lowest classes of Irish immigrants.* A certain degree of re- 
trogression to the pyramidal type, is also to be noticed among the nomadic 
tribes which are to be found in every civilized community. Among these, 
as has been remarked by a very acute observer, j* “ According as they 
partake more or less of the purely vagabond nature, doing nothing what- 
soever for their living, but moving from place to place, preying on the 
earnings of the more industrious portion of the community, so will the 
attributes of the nomade races be found more or less marked in them ; and 
they are all more or less distinguished for their high cheek-bones and pro- 
truding jaws;” thus showing that kind of mixture of the pyramidal with 
the prognathous type, which is to be seen among the lowest of the Indian 
and Malayo-Polynesian race. 

831. Next to the characters derived from the form of the head, those 
which are founded upon the form of the pelvis seem entitled to rank. 
These have been particularly examined by Professors Vrolik and Weber. 
The former was led by his examinations of this part of the skeleton, 
to consider that the pelvis of the Negress, and still more that ol‘ the 
female Hottentot, approximates to that of the Simla) in its general 
configuration ; especially in its length and narrowness, — ^the iliac bones 
having a more vertical position, so that the anterior spines approach one 
another much more closely than they do in the European; and the 
sacrum also being longer and narrower. On the other hand. Prof. Weber J 
concludes, from a more comprehensive survey, that no particular figure 
is a permanent characteristic of any one race, lie groups the principal 
varieties which he has met-with, according to the form of the upper 
opening, into oval, round, four-sided, and wedge-shaped. The first 
of these is most frequent in the European races ; the second, among 
the American races; the third, most common among the Mongolian 
nations, corresponds remarkably with their form of head ; whilst the 
last chiefly occurs among the races of Africa, and is in like manner 
conformable with the oblong compressed form usually presented by their 
cranium. But although there are particular shapes which are most 
prevalent in each race, yet there are numerous individual deviations, of 
such a nature that every variety of form presents itself occasionally in 
any given race. 

832. Other variations have been observed by anatomists, between the 
different races of Mankind, in the relative length of the bones, and in 
the shape of the limbs; but these also seem to have reference to the 
degree of civilization, and to the regularity of the supply of wholesome 
nutriment. It is generally to be observed that the races least improved 
by civilization, like the uncultivated breeds of animals, have slender, 

* See the “ Dublin University Magazine,” No. xlviii. 

+ Mr. Henry Mayhew, in “ London Labour and the London Poor,” p. 2. 

t “ Die Lebre von den Ur- und Racenfonnen der Schaedel und Becken des Menschen 
Dnsseldorf, 1880. 
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lean, and elongated limbs ; this may be especially remarked in the natives 
of Australia. In nearly all the less civilized races of Men, the limbs 
are more crooked and badly-formed than the average of those of Euro- 
peans ; and this is particularly the case in the Negro, the bones of whose 
legs bow outwards, and whose feet are remarkably flat. It has been 
generally believed that the length of the fore-arm in the Negro is so 
much greater than in the European, as to constitute a real character of 
approximation to the Apes. The difference, however, is in reality ex- 
tremely slight ; and is not at all comparable with that which exists 
between the most uncultivated races of Men and the highest Ape^ 
(§ 27). And in regard to all the peculiarities here alluded-to, it is to 
be observed that they can only be discovered by the comparison of large 
numbers of one race with corresponding numbers of another ; for indi- 
viduals are found in every tribe, possessing the characters which dis- 
tinguish the majority of the other race. Such peculiarities, therefore, 
are totally useless as the foundation of specific characters ; being simply 
variations from the ordinary type, resulting from causes which might 
affect the entire race, as well as individuals. — The connection between 
the general form of the body, on the one hand, and the degree of civili- 
zation (involving the regular supply of nutriment) on the other, is made 
apparent, not merely by the improvement which we perceive in the 
form, development, and vigour of the frame, as wo advance from the 
lowest to the most cultivated of the Human races ; but also by the 
degradation that is occasionally to be met -with in particular groups of 
the higher tribes, which have been subjected for several generations to 
the influence of depressing causes. Of such degradation, occurring under 
circumstaiices that permit its successive steps to be traced, we have a 
remarkable example in the conversion of certain tribes of the Hottentot 
race into Bushmen (§ HI7); and there is very strong ground for the 
belief that similar influences have operated at a more remote period, in 
the production of the })eculiar characters of the (xuinea-coast Negroes 
and Australian Bushmen. 

833. Independently, however, of the obvious modifying influence of 
external circumstances, much allowance must be made for that tendency 
to variation^ which presents itself, more or less, in all those races of 
animals, which possess such a constitutional capability of adaptation to 
changes in climate, habits of life, &c., as enables them to live and 
flourish under a variety of conditions. Thus we find that the offspring 
of any one pair of domesticated animals do not all precisely agree among 
themselves, or with their parents, either in bodily conformation, or in 
psychical character ; but that individual differences, as they are termed, 
exist among them. Now, as this tendency to variation cannot be clearly 
traced to any influence of external circumstances, it is commonly dis- 
tinguished by the term ^ spontaneous;’ but as there is no effect without 
a cause, and as the widest differences of this kind present themselves 
in those races which are most obviously amenable to the influence of 
external conditions, we seem justified in attributing them to agencies 
operating unostensibly upon the parents, either previously to their in- 
tercourse, or at the time of coition (§ 758), or in the female during the 
period of utero-gestation (§ 761). The difference between wild and 
domesticated animals in regard to colour affords a very good illustration 
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of this general fact; for the uniformity among the former is no less 
remarkable than the want of constancy among the latter ; and whilst 
variety of colour soon gives-place to imiformity, when domesticated races 
return in any considerable degree towards their primitive state,* it very 
speedily developes itself in races which are undergoing the converse 
process, f 

834. Now it is by taking advantage of those ‘ spontaneous’ depar- 
tures from the ordinary type, which present features of value to the 
breeders of domesticated animals, that new races are developed from time 
to time among these ; any strongly-marked peculiarity which thus 
appears in only a single individual, being usually transmitted to some 
of its offspring, and being almost certainly perpetuated when both parents 
are distinguished by it, as happens when the products of the first pro- 
creation become capable of breeding with each other. | — Now there can 
be no hesitation in admitting, that the tendency to the so-called ‘ spon- 
taneous’ variation prevails in the Human race to a greater degree than 
in any other ; since we find most remarkable diversities in features, 
complexion, hair, and general conformation, among the offspring of the 
same parentage ; whilst more special modifications of tlie ordinary type, 
such as the possession of six fingers on each hand and of six toes on each 
foot, are of no unfrequent occurrence. Under ordinary circumstances, 
these modifications tend to disappear as often as they occur ; the free 
intermixture of tliose members of the race which possess them, with 
those which dcj)art less from the ordinary type, tending to merge them 
in the general average. But there can be no reasonable doubt that if 
the same kind of segregation were practised among Mankind, which is 
adopted by the breeders of animals for the purpose of perpetuating a 
particular variety, — if, for example, the members of a six-fingered family 
were to intermarry exclusively with one another, — any such variety 
would be permanently established as a new race. Now if it be borne 
in mind that the influence of a scanty population, in the early ages of 
the Human race, by isolating different families from each other, and 
causing intermarriages among even the nearest relatives, would have 
been precisely the same with tliat which is now exercised by the 
breeders of animals, we see one reason why the varieties which then 

* This has been especially noticed in the dogs, horses, cattle, sheep, and hogs, intro- 
duced by the Spaniards into South America. 

+ Thus Mr. T. Bell informs us (“British Quadrupeds,” 2nd edit., p. 203), that an 
Australian bitch, or dingo, in the Zoological Gardens, had a litter of puppies, the father 
of which was also of that breed ; both parents had been taken in the wild state, both 
were of the uniform reddith- brown colour which belongs to the race, and the mother had 
never bred before ; but the young, generated in confinement, and in a half-domesticated 
state, were all more or less spotted, 

t See the history the introduction of the ancon breed of sheep, characterized by a 
peculiar conformation" of its limbs, in Massachusetts, given by Col. Hutchinson in the , 
“Phil. Trans.” for 1813. — A similar account has been more lately given by Prof. Owen 
(in a Lecture delivered before the Society of Arts, Dec. 10, 1851), respecting the recent 
introduction of a new breed of merino sheep, distinguished for the long, smooth, straight, 
and silky character of the wool, and now known as the Mauchamp breed. — In both 
instances, the breed originated in the spontaneous appearance of a male lamb possessing 
the peculiarities in question ; from its offspring such a selection was made by the breeder, 
as enabled him to bring together males and females, both of which were distinguished 
by them ; and in their progeny, the peculiarities uniformly appeared. 
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arose should have a much greater tendency to self-perpetuation than 
those which now occasionally present themselves. And when, too, it 
is borne in mind, that the change in external conditions induced by 
migration would thus operate not only upon the parents but upon 
the offspring, and would have a continual influence in so modifying 
the constitution of the latter that the peculiarities thus acquired by 
them would be transmitted in yet greater intensity to their progeny, 
there is no real difficulty in accounting, upon the strictest physiolo- 
gical principles, for the widest of those departures from one common 
type of conformation, which we encounter in our survey of the different 
Races of Mankind.* 

835. Hence we are led to conclude, that, so far as regards their Ana- 
tomical structure, there is no such difference among tlicm as would justify 
to the Zoologist the assertion of their distinct origin. But farther, 
although the conqmrison of tlie structural characters of the Human races 
does not furnish any positive evidence of their descent from a common 
stock, it justifies the assertion tlmt even if their stocks v'cre originally 
distinct, there could have been no essential difference between them ; the 
descendants of any one such stock being able to assume the characters of 
another. This, as already remarked, can bo proved by historical evidence 
in regard to a sufficient number of tribes, to justify the same assertion 
with respect to others, whose languages, customs, habits of thought, &c. 
have an affinity strong enough to warrant us in regarding them as de- 
scendants ol' the same stock, whilst their physical conlbrmation is widely 
different. Each principal geograjdiical area, which is so isolated from 
others as to render it ])robable, a priori^ that its population has extended 
from one centre, — such as the Continent of Africa, or America, — contains 
races of very diversified physical ch.iracters, whose linguistic affinities 
make it almost cerUiin that they must have had a common descent; and 
thus, in whatever ir\ode the ty])cs of the ])rincipal varieties are selected, 
they are found to be connected by so gradual a series of intermediate or 
transitional forms, that it is impossible to draw any such line of demarca- 
tion between tliem, as would ))e required by a soundly -judging Naturalist 
for the boundary of distinct s]>ecies. 

83(>. A very important confirmation of this view, is afforded by the 
essential agreement which exists among the different Races of Mankind in 
regard to, their Physiological history ; the variations wliich they present 
not being greater than those which we meet- with ])etween tlie different 
individuals of any one race. Thus, we not only find the average duration 
of life to be the same (making allowance for circumstances which are 
likely to induce disease), but the various epochs of life, — such as the times 
of the first and second dentition, the period of puberty, the duration of 
pregnancy, the intervals of tlie catamenia, and the time of their final 
cessation, — present a marked general uniformity, such as does not exist 
among similar epochs in the lives of species that are nearly allied but yet 

* For a masterly digest of tbe analogical evidence famished by the changes known to 
have been thns produced among domesticated animals, and of the modifications which 
pai'ticular tribes of Men can be shown to have undergone within tbe historic period, see 
Dr. Prichard’s “Physical History of Mankind,’’ and his “Natural History of Man;” see, 
also, the summary given by the Author in the “ Cyclop, of Anat. and Physiol.,” vol, iv. 
pp. 1301-1339. 
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unquestionably distinct. Further, the different races of Mankind are all 
subject to the same diseases, both sporadic, endemic, and epidemic ; the 
only exceptions being those in which the constitution of a race has grown 
to a certain set of influences (as that of the Negro to the malaria which 
generate certain pernicious fevers in the European), producing an here- 
ditary immunity in the race, which is capable of being acquired by 
individuals of other races, by a process of acclimatization commenced 
sufliciently early.* — The most important physiological test, however, of 
specific unity or diversity, is that furnished by the Generative process. 
It may be considered as a fundamental fact, alike in the Vegetable and 
in the Animal kingdom, that hybrid races originating in the sexual 
connection of individuals of two different species^ do not tend to self- 
perpetuation ; the hybrids being nearly sterile with each other, although 
they ma}r propagate with either of their parent- races, in which the hybrid 
race will soon merge ; whilst, on the other hand, if the parents be them- 
selves varieties of the same species, the hybrid constitutes but another 
variety, and its powers of reproduction are rather increased than dimi- 
nislied, so that it may continue to propagate its own race, or may be used 
for the production of other varieties, almost ad infinitum. It appears 
that, among Plants, hybrids originating between undoubtedly distinct 
species, sometimes reproduce themselves for two or three generations, but 
do not continue beyond the fourth. Amongst animals, the limits of 
liybridity between parents of distinct species are more narrow, since the 
hybrid is totally imable to continue its race with one of its own kind ; f 
and although it may propagate with one of its parent-species, the progeny 
will of course approach in character to the pime breed, and the race will 
speedily merge into it. In Animals, as among Plants, the mixed off- 
springs originating from different races within the limits of the same 
species generally exceed in vigour, and in the tendency to multiply, the 
parent-races from which they are produced, so as to gain-ground upon 
the older varieties, and gradually to supersede them. In this manner, 
by the crossing of the breeds of our domesticated animals, many new and 
superior varieties have been produced. The general principle is, then, 
that beings of distinct species^ or descendants irom stocks originally dif- 
ferent, cannot produce a mixed race which shall possess the capability of 

* This view of the immunity of the Negro race from certain forms of Fever which are 
very fatal to Europeans, is justified, the Author believes, by all the facts known upon the 
subject. Much may be set down, as he is assured by Dr. Dauiell, to the better adapta- 
tion of the Negro habits of life to their climate ; and Europeans who exercise due caution 
(especially in regard to the functions of the skin), may preserve an immunity scarcely 
less complete. Dr. D. himself, having been taken prisoner by one of the Negro tribes 
at an early age, and having spent two years among them, seems to have been thoroughly 
acclimatized ; and has subsequently passed many years on the most unhealthy parts of 
the coast, without experiencing any severe attacks of illness, and in the enjoyment of 
very good general health. — It is sometimes maintained that the Negro race possesses 
such a complete exemption from the Yellow Fever of the United States, as marks its 
specific difference ; such, however, is not constantly the case, since Negroes occasionally 
suffer from it ; and their comparative immunity seems fairly attributable to the constitu- 
tional peculiarity acquired by their African progenitors, and capable of being acquired 
by Europeans also. 

t One or two instances have been stated to occur, in which a Mule has produced off- 
spring from union with a similar animal ; but this is certainly the extreme limit, since 
no one has ever maintained that the race can be continued further than the second gene- 
ration, without admixture with one of the parent-species. 



PSTCHICAL CONFORMITY OF HUMAN RACES. 


863 


perpetuating itself; whilst the union of varieties has a tendency to produce 
a race superior in energy and fertility to its parents, — The application of 
this principle to the Human races leaves no doubt with respect to their 
specific unity ; for, as is well known, not only do all the races of Men 
breed freely with each other, but the mixed race is generally superior in 
physical development, and in tendency to rapid multiplication, to either 
of the parent-stocks ; so that there is much reason to believe that, in 
many countries, the mixed race between the Aborigines and European 
colonizers will ultimately become the dominant power in the community. 
This is especially the case in India, South America, and Polynesia. 

837. The question of Psychical conformity or difference among the 
Races of Mankind, is one wliich has a most direct bearing upon the 
question of theii* specific unity or diversity ; but it has an importance of 
its own, even greater than that which it derives from this source. For, 
as has been argued with great justice and power,* the real Unity of 
Mankind does not lie in the consanguinity of a common descent, but has 
its basis in the participation of every race in the siime moral nature, and 
in the commimity of moral rights which hence becomes the privilege of 
all. “ This is a bond which every man feels more and more, the farther 
he advances in his intellectual and moral culture, and which in this deve- 
lopment is continually jdaced upon higher and higher ground; so much 
so, that the pliysical relation arising from a common descent is finally 
lost-sight-uf, ill the consciousness of the higher moral obligations.” It is 
in these obligations, that the moral rights of men have their foundation ; 
and thus, “ while Africans have the hearts and consciences of human 
beings, it could never be right to treat them as domestic cattle or as wild 
fowl, if it were ever so abundantly demonstrated that their race was but 
an imj)roved species of aj>e, and ours a degenerate kind of god.” — The 
Psychical comparison of the various Races of Mankind is really, there- 
fore, in a practical point of view, the most important part of the whole 
investigation ; but it has been, nevertheless, the one most imperfectly 
pursued, until the inquiry was taken-up by Dr. Prichard. The mass of 
evidence wliich he has accumulated on this subject, however, leaves no 
reasonable doubt that no more “ impassable barrier” really exists between 
the different races with respect to this, than in regard to any of those points 
of ostensible diversity which have been already considered ; the variations 
in the positive and relative development of their respective psychical 
yiowers and tendencies, not being greater, either in kind or degree, than 
those which present themselves between individuals of our own or of any 
other race, by some members of which a high intellectual and moral 
standard has been attained. The tests by which we recognize the claims 
of the outcast and degraded of our own or of any other ‘ highly -civilized’ 
community, to a common humanity, are the same as those by which we 
should estimate the true relation of the Negro, the Bushman, or the 
Australian, to the cultivated European. If, on the one hand, we admit 
the influence of want, ignorance, and neglect, in accounting for the 
debasement of the savages of our own great cities, — and if we witness 
the same effects occurring under the same conditions among the Bush- 
men of Southern Africa (§ 847), — we can scarcely hesitate in admitting, 

* See the “ New Quarterly Review,’* No. xv. p. 131 ; and an Article by Prof. Agaasiz 
in the “ Christian Examiner,” Boston (N. B.), 1860. 
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that the long-continued operation of the same agencies has had much to 
do with the psychical as well as the physical deterioration of the Negro, 
Australian, and other degraded races. So, on the other hand, if we 
cherish the hope that the former, so far from being irreclaimable, may at 
least be brought-up to the standard from which they have degenerated, 
by means adapted to develope their intellectual faculties and to call 
forth the higher parts of their moral nature, no adequate reason can be 
assigned why the same method should not succeed with the latter, if 
employed with sufficient perseverance. It will be only when the effect of 
education, intellectual, moral, and religious, shall have been fairly tested 
by the experience of many generations^ in conjunction with the influence 
of a perfect equality in civilization and social position, that we shall be 
entitled to speak of any essential and constant psychical difference between 
ourselves and the most degraded beings clothed in human form. All the 
evidence which we at present possess leads to the belief, that under a vast 
diversity in degree and in modes of manifestation, the same intellectual, 
moral, and religious capabilities exist in all the Kaces of Mankind ; so 
that, whilst we may derive from this conformity a powerful argument for 
their zoological Unity as a species, we arc also directly led to recognize 
their community of moral nature with ourselves, and to admit them to a 
participation in our own rights. 

838. Most important assistance is afforded in the determination of the 
real affinities of different Races, by the study of their Languages. This, 
however, is a department of the inquiry so far beyond the limits of 
Physiological science, that it must be here dismissed with a bare mention 
of those results, to which the zealous pursuit of it by a large number of 
philosophic Philologists seems undoubtedly to tend. — There can be no 
reasonable doubt that, as a general princqde, the affinities of races are 
more surely indicated by their languages than by their physical features ; 
and the experienced philologist is generally able to discriminate those 
resemblances, which may liave arisen out of the introduction of words or 
of modes of construction from the one into the other, by conquest, com- 
mercial intercourse, or absolute intermixture, ifom those which are the 
result of a community of origin. And thus are supplied those means of 
tracing the ])ast history of races, which are seldom afforded by written 
records, or even (at least with any degree of certainty) by traditional in- 
formation. It is to be borne in mind that the affinities of languages are 
indicated, not merely by verbal resemblance, but by the similarity of 
their modes of grammatical construction, or the methods by which the 
relation between different words that constitute sentences is indicated. 
The most positive evidence is of course afforded, when a conformity 
exists both in the vocabularies and in the modes of construction of two 
languages ; but it frequently happens that although the conformity exists 
in regard to one of these alone, yet the evidence which it affords is per- 
fectly satisfactory. Thus, there are many cases in which the vocabularies 
are so continually undergoing important changes (the want of written 
records not permitting them to acquire more than a traditional perma- 
nence), that their divergence becomes so great, even in the course of a 
few generations, as to prevent tribes which are by no means remotely 
descended from a common ancestry, from understanding one another; 
whilst yet the system of grammatical construction, which depends more 
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upon tlie grade of mental development and upon habits of thought, 
exhibits a remarkable permanence. Such appears to be true of the entire 
group of American languages ; which seem, as a whole, to be legitimately 
referable to a common stock, notwithstanding their complete verbal 
diversity. On the other hand, when two languages or groups of languages 
differ greatly in construction, but present that kind of verbal correspond- 
ence on which the philologist feels justified in placing most reliance 
(namely, an essential conformity in those ‘primary words’ which serve 
to represent the universal ideas of a people in the most simple state of 
existence), that correspondence may be held to indicate a community of 
origin, if it can be proved that it has not been the result of intercourse 
between the two families of nations subsequently to their first divergence, 
and if it seems probable on other grounds that their separation took place 
at a period when as yet the grammatical development of both languages 
was in its infancy. Such appears to have been the case with certain of 
those groups of languages whose distinctness can be traced back histori- 
cally for the longest period.* — It is evident, then, that Philological inquiry 
must be looked-to as one of the chief means of determining the question 
of radiation from a single centre or from multiple centres; and it is a 
remarkable fact, that the linguistic affinity and the conformity in physical 
characters frequently stand in a sort of complemental relation to each 
other, each being the strongest where the other is weakest ; so that, by 
one or other of these links of connection, a close relationship is indicated 
between all those families of nations under which the several races appear 
to be most naturally grouped. 

2. General Survey of the Principal Varieties of the Human Species, 

839. The distribution of the Races of Mankind under five primary 
varieties, according to their respective types of cranial conformation, as 
first proposed by Blumenbach, is still so commonly received, notwith- 
standing the distinct proof wliich has been given of the fallacious nature 
of its basis, that it will be desirable to explain his terms, and at the same 
time to show how far the information subsequently acquired has tended 
to modify his arrangement. — The first of these varieties, which is con- 
sidered to be distinguished by the possession of the oval or elliptical^ type 
of cranial conformation, was designated Caucasian by Blumenbach, on 
two grounds ; first, because he considered the Caucasian people (of whom 

* The changes, or stages of growth and development, through which all languages 
probably pass, have been traced in a most interesting manner by Prof. Max MUller, in 
his “Lectures on the Science of Language,” 1801 ; see Lectures ii. and viii. 

f Now generally termed dolichocephalic, from doXixoCt long, and Kt<pa\rjt head ; in 
opposition to ppaxlfg^ fehort, and According to Retzius, the majority of the 

people of Western Europe are dolichocephalic and orthognathic {bpSoQ^ upright, and 
yi/aOot, jaw) ; whilst the brachycephalic is the prevalent form of the skull throughout 
the great extent of Eastern Europe. He regards the Hindoos, Arlan Persians, Arabs, 
and Jews, with the Tungusians and Chinese, as being examples of Asiatic dolichocephali, 
the last two being prognathic forwards, and yvaBoQ, jaw), the former orthognathic ; 

whilst the Samoiedes, Turks, Circassians, Afifghans, Lascars, Tartars, Mongolians (both 
of Asiatic Russia and Mongolia), and Malays, are all prognathic brachyoephali, and 
constitute the prevailing type. On the continent of Australia and in Van Diemen's 
Land, tdl the savage tribes are prognathic dolichooephalL See his * Glance at the 
Present State of Ethnology with Reference to the Form of the Skoll,' in the ‘‘M^ico- 
Chir. Rev.” for 1860, voL xxv. p. 603, and vol. xxvi. p. 216. 
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tihe Georgians and Circassians are the best-known examples) as presenting 
its physical characters in the greatest perfection ; and second, because it 
was supposed that the Caucasian range of mountains might be regarded 
as the centre or focus of the races belonging to it. Neither of these 
ideas, however, is correct ; for whilst the oval form of cranium is pre- 
sented with fully as great beauty and symmetry by the Greeks, it seems 
now to be almost certainly determinable by the evidence of language, 
that the Georgian and Circassian nations are really of Mongolian origin, 
and consequently have no direct relation of affinity with the other 
nations usually ranked as belonging to this variety ; and the evidence of 
history and tradition, so far from pointing to the Caucasian range as the 
original centre of radiation of the race, accords with that of language in 
assigning its locality much nearer to Central Asia. It would be most 
desirable, therefore, that some other designation should be substituted 
for that given by Blumenbach ; were it not that the present state of our 
knowledge requires the entire abandonment of his doctrine, that the 
races agreeing in this type of conformation are mutually connected by 
community of descent. For, even within the limits of Europe, we find 
at least two nations, — the Turks, and the Magyars or true Hungarians, — 
whose crania are characteristically oval, and which are yet undoubtedly 
of Mongolian origin ; and although some allowance must be made, in 
regard to the change which has taken place among the former, for the 
influence of intermixture with other races, yet there is no reason to believe 
that any such influence has operated among the Magyars, whose blood 
seems to have been transmitted with remarkable purity from the time 
when they settled in Hungary about ten centuries since. In Asia, we find 
this type presented not merely by the Persian and other Indo-European 
races, but also by the Syro-Arabian, and by the larger proportion of the 
inhabitants of Hindostan ; yet the Syro-Arabian races are more nearly 
related to the African stock (§ 841), than to that from which most of the 
present inhabitants of Europe have sprung ; and there is good reason to 
believe that the great mass of the existing inhabitants of India arc of 
Mongolian descent (§ 843). It will be necessary, therefore, to consider 
the nations which present the so-called Caucasian type of cranial conforma- 
tion, under several distinct heads. No uniformity exists amongst them 
in regard to colour ; for this character presents every intermediate grada- 
tion between the fair and florid tint, with light-red or auburn hair, of 
the Northern European, to the dusky or even black hue of the races 
bordering-on or lying-between the Tropics. The hair is generally long 
and flexible, with a tendency to curl ; but considerable variety presents 
itself with regard to this particular. The conformation of the features 
approaches more or less closely to that which we are accustomed to 
regard as the type of beauty. 

840. The first place, in a more natural distribution of the Human 
Paces, must undoubtedly be given to that which is designated by Dr. 
Prichard as the Anan, and which is often termed the Indo-European ; 
including the collective body of European nations, with the Persians,* 

* The modem Persians are a very mixed race, in which Turkish and Arab elements 
largely participate. The most perfect representatives of the original stock (whose purity 
of descent seems to have been maintained, from the time of their original migration into 
their prewnt locality, by the physical obstacles which have cut them off from intercourse 
with tiieir nearest neighbours) are believed to be the Kafirs of Kafiristan, a fair-skinned 
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AfPghans, and certain other nations of the south-western portion of the 
Asiatic continent,* near to which their original focus appears to have 
been. The great bond of connection between these nations, lies in their 
languages; which, in spite of great diversities, present a certain community 
of character that is recognized by every philologist. The family which 
is most dissimilar to the rest (the typical Celt contrasting remarkably 
with the types of the Germanic group, both in physical conformation 
and in psychical characters,) is that formed by the Celtic nations; but 
these are undoubtedly, like the others, of Eastern origin, as was first 
shown by Dr. Prichard ;f though they appear to liave detached them- 
selves from the common stock at an earlier period in the development of 
its language. The Germanic languages are obviously all formed 
upon the same base with the ancient ^nskrit, if not upon the Sanskrit 
itself ; and they are united alike by community in many of the most im- 
portant * primary words,’ and by general similarity in grammatical con- 
struction. The existing Lettish or Lithuanian dialect presents a very near 
approach to the original type ; and tlie Old Prussian, a dialect spoken as 
late as the sixteenth century, had a still closer alliance to the ancient Zend 
or Median, wliich seems to have been a very early derivation from the 
Sanskrit, and which is the basis of the language now spoken in Persia. — 
But there is evidence that, notwithstanding the mutual affinities of the Indo- 
Gerinanic languages, every one of them has been modified by the introduc- 
tion of extraneous elements: thus, in those of Western Europe, there is a 
considerable admixture of Celtic ; wdiilst in others, there are traces of more 
barbaric tongues. In fact, there can be little doubt that Euro]:)e had an 
indigenous pojmlation, before the immigration of the Indo-Gerrnan or 
even of the Celtic tribes ; and of this po])ulation it seems most probable 
that the Lapps and Finns of Scandinavia, and the Euskarians (or Bascpies) 
of the Biscayan provinces, are but the remnant. The former of those 
tribes, which is undoubtedly of Mongolian origin, once extended much 
further south thfin at present ; and with regard to the latter, whose 
nearest linguistic affinities are also with the tongues of High Asia, there 
is amj)le historical proof that they had formerly a very extensive distri- 
bution through Southern Europe. It w^ould not seem improbable, then, 
that the advance of the Indo-European tribes from the south-east corner 
into Central Europe, separated that portion of the aboriginal (Mongolian) 
population which they did not absorb or destroy, into two great divisions ; 
of which one was gradually pressed northward and eastward, so as to be 
restricted to Finland and Lapland ; and the other soutliward and west- 
ward, so as to be confined at the earliest historic period to a part of the 
peninsula of Spain and the South of France, gradually to be driven before 
the successive irruptions of the Celts, Homans, Arabians, and other 
nations, until their scanty remnant found an enduring refuge in the 

light-haired race inhabiting the impracticable mountain-country on the watershed between 
th^e Oxns and the north-western sources of the Indus. The Tajiks of Bokhara also keep- 
up the ancient lineage and language, although their country is ruled by people of Turkish 
descent. 

* The population of Hindostan has been commonly accounted as belonging to this 
division ; but the more intimate the knowledge attained of its character and languages, 
the more does it lead to the conclusion that the great mass of this population is really of 
Mongolian descent (§ 843). 

t “On the Eastern Origin of the Celtic Nations,” 1831. 
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fastnesses of the Pyrenees.* — The Indo-Germanic race is unquestionably 
that which has exercised the greatest influence on the civilization of the 
Old World; and it seems indubitably destined to acquire a similar 
influence in those newly-found lands, which have been discovered by its 
enterprise. With scarcely an exception, as Dr. Latham has justly re- 
marked, the nations belonging to it present an encroaching frontier : there 
being no instance of its permanent displacement by any other race, save 
in the case of the Arab dominion in Spain, which has long since ceased ; 
in that of the Turkish dominion in Turkey and Asia Minor, which is 
evidently destined to expire at no distant period, being upheld for merely 
political purposes by extraneous influence ; and in that of the Magyars 
in Hungary, who only maintain their ground through their complete 
assimilation to the Indo-Germanic character. It is a remarkable fact, that 
in most cases in which this race extends itself into countries previously 
tenanted by people of an entirely different type, the latter progressively 
decline and at last disappear before it, provided the climate be such as 
enables it to maintain a vigorous existence; this is pre-eminently the 
case in North and South America, in Australia, in New Zealand, and in 
many of the smaller Polynesian islands. And where the climate is less 
favourable to the perpetuation of the race in its purity, an intermixture 
with the native blood frequently gives origin to a mixed race, which 
possesses the developed intellect of the one, and the climatic adaptiveness 
of the other, and which appears likely ultimately to take the place 
of both. 

841. The Syro- Arabian or Semitic nations agree with the preceding in 
general physical characters, but differ entirely in the structiure of their 
language, and for the most part in vocabulary also, though recent re- 
searches seem to indicate that certain roots of the Semitic and Indo- 
Germanic languages have a decided affinity. It seems quite certain, 
however, that the linguistic affinities of the Semitic nations are rather 
with the African than with the Indo-European races; and so strong is 
the link of connection thus established, that by Dr. Latham they are 
ranked with the former under the general designation Atlantidce^^ whilst 
Mr. Norris, whose authority upon all such subjects is deservedly great, is 
strongly disposed (as he has himself informed the Author) to consider 
them an essentially African people. — The original seat of this race, how- 
ever, is commonly reputed to have been that region of Asia which is inter- 
mediate between the countries of the Indo-European and of the Egyptian 
races; having as its centre the region watered by the great rivers of 
Mesopotamia. Several of the nations primarily constituting this group 
have become extinct, or nearly so ; and the Arabs, which originally formed 
but one subdivision of it, have now become the dominant race, not only 
throughout the ancient domain of the Syro- Arabian nations, but also in 
Northern Africa. In the opinion of Baron Larrey, who had ample 
opportunities for observation, the skulls of the Arabian race furnish, at 

♦ This view, which was suggested by the Author in the **Brit. and For. Med. Rev.,” 
Oct. 1847, without the knowledge that it had been elsewhere propounded, has been 
put forth with considerable confidence by Dr. Latham (“Varieties of Man,” 1860), 
as having originated with Arndt and been adopted by Rask, distinguished Scandinavian 
ethnologists. 

t See his “Varieties of Man,” 1860, p. 469. 
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present, the most complete type of the hmnan head ; and he considered 
the remainder of the physical frame as equally distinguished by its 
superiority to that of other races of men. The different tribes of Arabs 
present very great diversities of colour, which are generally found to co- 
incide with variations in climate. Thus the Shegya Arabs, and others 
living on the low countries bordering on the Nile, are of a dark-brown or 
even black hue ; but even when quite jetty, they are distinguished from 
the Negro races by the brightness of their complexions, by the length and 
straightness of their hair, and by the regularity of their features. The 
same may be said of the wandering Arabs of Northern Africa ; but the 
influence of climate and circumstances is still more strongly marked in 
some of the tribes long settled in tliat region, whose descent may be 
traced to a distinct branch of the Syro- Arabian stock, namely, the Berber, 
to which belong the Kabyles of Algiers and Tunis, the Tuaryks of Sahara, 
and the Guanches or ancient population of the Canary Isles. Amongst 
these tribes, whose affinity is indisputably traceable through their very 
remarkable language, every gradation may be seen, from the intense 
blackness of the Negro skin, to the more swarthy hue of the inhabitants 
of the South of Europe. It is remarkable that some of the Tuaryk 
inhabitants of particular Oases in the great desert, who aro almost as 
insulated from communication with other races as are the inhabitants of 
islands in a wide ocean, have hair and feivtures that ap])roach those of the 
Negroes ; although they speak the Berber language with such purity, as 
to forbid the idea of the introduction of these characters by an inter- 
mixture of races. The Jews, wffio are the only remnants now existing of 
the 01 ice-powerful J^hoenician tribe, and who are now dispersed through 
nearly every country on the face of the earth, present a similar diversity ; 
having gradually assimilated in physical characters to the nations among 
which they have so long resided (§ 823). 

842. The second primary division of the Human family, according to 
the arrangement of Blumenbach, is that commonly termed Mongolian, 
The real Mongols, however, constitute but a single and not very con- 
siderable member of the group of nations associated under this designa- 
tion ; which is, therefore, by no means an appropriate one. The original 
seat of these races appears to have been the great central elevated plain 
of Asia, in which all the great rivers of that continent have their sources, 
whatever may be their subsequent direction. Taken as a whole, this 
division is characterized by the pyramidal form of the skull, whoso antero- 
posterior diameter scarcely exceeds the parietal, and by the broad flat 
face and prominent cheek-bones ; by the flattening of the nose, which is 
neither arched nor aquiline ; by the eyes being drawn upwards at their 
outer angle ; by the xanthous or olive complexion, which sometimes 
becomes fair, but frequently swarthy ; by tlie scantiness and straightness 
of the hair, and deficiency of beard ; and by lowness of stature. These 
characters, however, are exhibited in a prominent degree only in the more 
t 3 rpical members of the group, especially those inliabiting Northern and 
Central Asia ; and may become so greatly modified, as to cease altogether 
to be recognizable. Such a modification has been remarkably effected in 
the case of a part of the Turkish people, now so extensively distributed. 
All the most learned writers on Asiatic history are agreed in opinion, that 
the Turkish races are of one common stock ; although at present they vary 
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in physical characters, to such a degree that, in some, the original t 3 rpe 
has l^en altogether changed. Those which still inhabit the ancient 
abodes of the race, and preserve their pastoral nomadic life, present the 
physiognomy and general characteristics which appear to have belonged 
to the original Turkomans; and these are decidedly referable to the 
so-called Mongolian type. Before the Mahommedan era, however, 
the Western Turks or Osmanlis had adopted more settled habits, 
and had made considerable progress in civilization; and their adop- 
tion of the religion of Islam incited them to still wider extension, 
and developed that spirit of conquest, which, during the middle ages, 
displayed itself with such remarkable vigour. The branches of the race, 
which, from their long settlement in Europe, have made the greatest pro- 
gress in civilization, now exhibit in all essential particulars the physical 
characters of the European model ; and these are particularly apparent 
in the conformation of the skull. — Another marked departure from the 
ordinary Mongolian type, is presented by the Hyperborean tribes inha- 
biting the borders of the Icy Sea ; these have for the most part a 
pyramidal skull, but their complexion is swarthy and their growth is 
peculiarly stunted ; and they form the link that connects the ordinary 
Mongolida) with the Lapps and Finns of Europe on one side, and with the 
Esquimaux of North America on the other. The Ugrian division, which 
migrated towards the north-west at a very early j)eriod, planted a colony 
in Europe, which still tenants the northern Baltic countries, forming the 
races of Finns and Lapps. In the time of Tacitus, the Finns were as 
savage as the Lapps ; but the former, during the succeeding ages, became 
so far civilized, as to exchange a nomadic lilc for one of agricultural pur- 
suits, and have gradually assimilated with the surrounding people ; whilst 
the Lapps, like the Siberian tribes of the same race, have ever since con- 
tinued to be barbarous nomades, and have undergone no elevation in 
physical characters. The same division gaA^c origin to the Magyars or 
Hungarians ; a warlike and energetic peo 2 )le, unlike their kindred in the 
Nortli ; in whom a long abode in the centre of Europe has, in like manner, 
developed the more elevated characters, physical and mentiil, of the Euro- 
pean nations. 

843. The nations inhabiting the South-eastern and Southern portions 
of Asia, also, appear to have had their origin in the Mongolian or 
Central- Asiatic stock ; although their features and form of skull by no 
means exhibit its characteristic marks, but present such departures from 
it, as are elsewhere observable in races that are making advances in 
civilization. The conformity to the Mongolian type is most decidedly 
shown by the nations (collectively termed Serif aim by Dr. Latham), 
which inhabit China, Thibet, the Indo-Chinese peninsula, and the base 
of the Himalayan range ; these are associated by certain linguistic pecu- 
liarities which distinguish them from all other races ; that primitive con- 
dition of human speech, in which there is a total absence of inflections 
indicative of the relation of the principal words to one another, being 
apparently preserved with less change in the tongues of these people, 
than in those of any other. The Chinese may be physically characterized 
as Mongolians softened-down ; and in passing from China towards India, 
through the Burmese empire, there is so gradual a transition towards the 
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ordinary Hindoo type, that no definite line of demarcation can be any- 
where drawn. — ^The inhabitants of the great peninsula of Hindostan have 
been commonly ranked (as already remarked) under the Caucasian race ; 
both on account of their physiwil conformity to that type, and also 
because it has been considered that the basis of their languages is Sana- 
kritic. It is certain, however, that this conclusion is incorrect with 
regard to a very large proportion of the existing population of India ; 
and there is strong reason to believe that no part of it bears any real 
relation of affinity to the Indo-European group of nations, except such as 
may be derived from a slight intermixture. Thus, the Tamulian^ which 
is the dominant language of Southern India, is undoubtedly not Sanskritio 
in its origin (although containing an infusion of Sanskritic words), 
but more closely approximates to the Seriform type ; and many of the 
hill-tribes, in different parts of India, speak peculiar dialects, which, 
though mutually unintelligible, appear referable to the same stock. Now 
it is among this portion of the population of India, that the greatest 
departure presents itself from the Caucasian type of cranial formation, 
and the closest conformity to the Mongolian; the cheek-bones being 
more prominent, the hair coarse, scanty, and straight, and the nose 
llatteiied; sometimes, also, the lips are very thick, and the jaws project, 
showing an approximation to the prognathous type. Now in the opinion 
of J)r. Latham and Mr. Norris, the various dialects of Northern Inffia (of 
which the Hindostani is the most extensively spoken) are to be regarded 
as belonging, in virtue of tlicir fundamental nature, to the same group 
with those of High Asia, notwitlisbmding the large infusion of Sanskritic 
words which they contain ; this infusion having been introduced at an 
early period by an invading branch of the Arian stock, of whose advent 
there is historical evidence, and whose descendants the ordinary Hindoo 
population have been erroneously supposed to be. According to this view, 
then, the inlluence of the Arian invasion uj)on the language and popula- 
tion of Northern India was very much akin to that of the Norman 
invasion upon those of England ; the number of individuals of the invad- 
ing race being so small in proportion to that oi the indigenous population 
as to bo s])eedily merged in it, — not, however, without contributing to an 
elevation of its physical characters ; and a large number of new words 
having been in like manner introduced, witliout any essential change in 
the type of the original language. And thus the only distinct traces of 
the Arian stock are to be found in the Brahminical caste, which pre- 
serves (though with great corruption) the original Brahminical religion, 
and which keeps-up the Sanskrit as its classical language ; it is certain, 
however, that this race is far from being of pure descent, having 
intermingled to a considerable extent with the ordinary Hindoo popula- 
tion. There is but little to remind us of the Mongolian type in the 
countenances of the Hindoos, which are often remarkable for a symme- 
trical beauty that only wants a more intellectual expression to render 
them extremely striking ; some traces of it, however, may perhaps be 
found in the rather prominent zygomatic arches which are common 
amongst them ; but the cranial portion of the skull presents no approach 
to the pyramidal type, being often very regularly elliptical. There is a 
remarkable difference in the colour of the different Hindoo tribes ; some 
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being nearly as dark as Negroes, others more of a copper colour, and 
others but little darker than the inhabitants of Southern Europe.* 

844. According to the usual mode of dividing the Human family, the 
Ethiopian or Negro stock is made to include all the nations of Africa, to 
the southward of the Atlas range. But, on the one hand, the Hottentots 
and Bushmen of the southern extremity constitute a group which is 
strongly distinguished by physical characters from the rest of the African 
nations ; so, again, the region north of the Great Desert is mostly occu- 
pied by Semitic tribes (§ 841) ; the scattered population of the Great 
Desert itself is far from being Negro in many of its features ; the valley 
of the Nile, at least in its middle and lower portions, including Egypt, 
Nubia, and even Abyssinia, is inhabited by a group of nations which 
may be designated as Nilotic, and which presents a series of gradational 
transitions between the Negroes and Kaffres and the Semitic races ; a 
large portion of the area south of the Equator is occupied by the Kaffre 
tribes and their allies, which cannot be truly designated as Negroes : so 
that the true Negro area is limited to the western portion of the African 
continent, including the alluvial valleys of the Senegal, the Gambia, and 
the Niger, with a narrow strip of Central Africa, passing eastwards to the 
alluvial regions of the Upper Nile. Even within this area, the true 
Negro type of conformation, such as we see in the races which inhabit 
the low countries near the Slave Coast, — consisting in the combination of 
the prognathous form of skull with receding forehead and depressed nose, 
thick lips, black woolly hair, jet-black unctuous skin, and crooked legs, 
— is by no means universally prevalent ; for many of the nations which 
inhabit it must be ranked as sub-typical Negroes ; and from these the 
gradation in physical characters is by no means abrupt, to those African 
nations which possess, in a considerable degree, the attributes which we 
are accustomed to exclude altogether from our idea of the African race. 
Thus, tlie race of Jolofs near the Senegal, and the Guber in the interior 
of Sudan, have woolly hair and deep-black complexions, but fine forms 
and regular features of a European cast ; and nearly the same may be 
said of the darkest of the Kaflres of Southern Africa. The Bechuana 
KafEres present a still nearer approach to the European type ; the com- 
plexion being of a light-brown, the hair often not woolly but merely 
curled, or even in long flowing ringlets, and the figure and features having 
much of the European character. — There is no group, in fact, which pre- 
sents a more constant correspondence between external conditions and 
physical conformation, than that composed of tlie African nations. As 
we find the complexion becoming gradually darker, in passing from 
Northern to Southern Europe, thence to North Africa, thence to the 
borders of the Great Desert, and thence to* the intertropical region where 
alone the dullest black is to be met with, — so do we find, on passing 
southwards from this, that the hue becomes gradually lighter in propor- 
tion as we proceed further from the equator, until we meet with races 
of comparatively fair complexions among the nations of Southern Africa. 
Even in the intertropical region, high elevations of the surface have the 
same effect as we have seen them to produce elsewhere, in lightening tlie 

* For many interesting particulars respecting the physical characters and habits of 
the wild trib^ of the Veddahs of Ceylon, see a paper by J. Bailey in the ** Transactions 
of the Ethnological Society,” vol. ii. p. 278 . 
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complexion. Thus the high parts of Senegambia, where the temperature 
is moderate and even cool at times, are inhabited by Fulahs of a light 
copper colour, whilst the nations inhabiting the lower regions around 
them are of true Negro blackness: and nearly on the same parallel, but at 
the opposite side of Africa, are the high plains of Enarea and Kaffa, of which 
the inhabitants are said to be ^rer than the natives of Southern Europe. 

845. The languages of the Negro nations, so far as they are known, 
appear to belong to one group ; for although there is a considerable 
diversity in their vocabularies (arising in great part from the want of 
written records which would give fixity to their tongues), yet they seem 
to present the same grade of development and tlie same grammatical 
forms ; and various proofs of their affinity with the Semitic languages 
have been developed, these being afforded by similarity alike of roots 
and of grammatical construction. The Semitic affinity of the Negro 
nations is further indicated in a very remarkable manner, by the exist- 
ence of a variety of superstitions and usages among the Negroes of the 
Western coast, closely resembling those which prevail also among the 
Nilotic races whose Semitic relations are most clear, as well as among 
branches of the Semitic stock itself ; and thus we seem to have adequate 
proof of the absence of any definite line of demarcation, in regard either 
to 2 ^h}jiiiologtcal or to linguistic characters, between the Negro race, and 
one of those which has been hitherto considered to rank among the 
most elevated forms of tlie Caucasian variety. — Nor is there anything 
in the psychical character of the Negro, which gives us a right to sepa- 
rate liim from other races of Mankind. It is true that those races 
which have the Negro character in an exaggerated degree, are uniformly 
in the lowest stage of society, being either ferocious savages, or stupid, 
sensual, and indolent; such are most of the tribes along the Slave 
Coast. But, on the other hand, there are many Negro States, the in- 
habitants of which have attained a considerable degree of improvement 
in their social condition ; such are the Ashanti, the Sulima, and the 
Dahomans of Western Africa, also the Guber of Central Sudan, among 
which a considerable degree of civilization has long existed; the physical 
characters of all these nations deviate considerably from the strongly- 
marked or exaggerated type of the Negro ; and the last are perhaps the 
finest race of genuine Negroes on the whole continent, and present in 
their language the most distinct traces of original relationship to the 
Syro- Arabian nations. The highest civilization, and the greatest im- 
provement in physical characters, are to be found in those African 
nations which have adopted the Mahommedan religion ; this was intro- 
duced, three or four centuries since, into tlie eastern portion of Central 
Africa ; and it appears that* the same people, which were then existing 
in the savage condition still exhibited by the pagan nations further 
south, have now adopted many of the arts and institutions of civilized 
society, subjecting themselves to governments, practising agriculture, 
and dwelling in towns of considerable extent, many of which contain 
10,000, and some even 30,000 inhabitants; a circumstance which implies 
a considerable advancement in industry, and in the resources of sub- 
sistence. This last fact affords most striking evidence of the improva- 
hility of the Negro races; and, taken in connection with the many 
instances that have presented themselves, of the advance of individuals, 
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under j&TOuraSle circumstances, to at least tiie average degree of mental 
development among the European nations, it affords clear proof that the 
line of demarcation, which has been supposed to separate them intel- 
lectually and morally from the races that have attained the greatest 
elevation, has no more real existence than that which has been supposed 
to be justified by a difference in physical characters, and of which the 
fellacy has been previously demonstrated. 

846. The southern portion of the African continent is inhabited by a 
group of nations, which (as already mentioned) recede more or less 
decidedly from the Negro type in physical characters, and which seem 
connected together by essential community of language, as branches of 
the stock of which the Kaffres may be considered the stem. In this 
warlike nomadic people, which inhabit the eastern parts of South Africa, 
to the northward of the Hottentot country, so great a departure from 
the ordinary Negro type presents itself, that many travellers have assigned 
to them a different origin. The degree of this departure, however, varies 
greatly in tlie different Kaffre tribes ; for whilst some of them are black, 
woolly-headed, and decidedly prognathous, so as obviously to approach 
the modified Negroes of Congo in general aspect, others recede consider- 
ably from the typical prognathous races, both in complexion, features, 
and form of head, presenting a light-brown colour, a high forehead, a 
prominent nose, and a tall, robust, well-shaped figure. The thick lips 
and black frizzled hair, however, arc generally retained ; though the hair 
is sometimes of a reddish colour, and becomes flowing ; and the features 
may present a European cast. But even among the tribes which depart 
most widely from the Negro type, individuals are found who present a 
return to it ; and it is interesting to remark, that the people of Delagoa 
Bay, though of the Kaffre race (as indicated by their language), having 
been degraded by subjugation, approach the people of the Guinea Coast 
in their physical characters. In fact, between the most elevated Kaflre 
and the most degraded Negro every possible gradation of physical and 
psychical characters is presented to us, as we pass northwards and west- 
wards from Kaffraria towards the Guinea Coast ; and we meet with a 
similar transition, although not carried to so great an extent, as we j)ass 
up the eastern coast. — The languages of the Kaffres and other allied tribes 
are distinguished by a set of remarkable characters, which have been 
considered as isolating them from other African tongues. According to 
Dr. Latham, however, these peculiarities are not so far without precedent 
elsewhere as to establish the very decided line of demarcation which some 
have attempted to draw ; and may be reg-arded, in fact, as resulting from 
the fuller development of tendencies which manifest themselves in other 
African languages. 

847. The Hottentot race differs from all other South African nations, 
both in language and in physical conformation. Its language cannot be 
shown to possess distinct affinities with any other stock but in bodily 

* It is considered by some, that the Hottentot language is a degraded Kaffre, as the 
Bushman language is a degraded Hottentot; but the Author is informed by Mr. Norris, 
that he sees no valid ground for this assumption, the affinities of the Hottentot language 
being rather, in his opinion, with the languages of High Asia, although the connecting 
links are extremely slight. Such as they are, however, they tend to confirm an idea 
to the Author, some years since, by the marked reproduction of so many 
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gtaructnre there is a remarkable admixture of the characters of the Mon- 
golian with those of the Negro. Thus the fiice‘ presents the very wide 
and high cheek-bones, with the oblique eyes and flat nose, of the Northern 
Asiatics ; at the same time that, in the somewhat prominent muzzle and 
thick lips, it resembles the countenance of the Negro. The complexion 
is of a tawny buft' or fawn colour, like the black of the Negroes diluted 
with the olive of the Mongols. The hair is woolly, like that of the 
Negroes, but it growls in small tufts scattered over the surface of the scalp 
(like a scrubbing-brush), instead of covering it uniformly ; thus resem- 
bling in its comparative scantiness that of the Northern Asiatics. It is 
most interesting to observe this remarkable resemblance in physical 
characters, between the Hottentots and the Mongolian races, in connection 
with the similarity that exists between the circumstances under which 
they respectively live ; and it is not a little curious that the Hottentot, 
as the Mongol, sliould be distinguished by the extraordinary acuteness 
of his vision (§ 626). No two countries can be more similar than the 
vast steppes of Central Asia and the karroos of Southern Africa ; and the 
proper inhabitants of each are nomadic races, w^andering through deserts 
remarkable for the wide ex 2 :)ansion of their surface, their scanty herbage, 
and the dryness of their atmosphere, and feeding upon the milk and flesh 
of their horses and cattle. Of the original pastoral Hottentots, however, 
comparatively few now remain. A large j)roportion of them have been 
gradually driven, by the encroachments of the Kafl'rcs and of European 
colonists, and by internal wars with each other, to seek refuge among the 
inaccessible] rocks and deserts of the interior; and have thus been con- 
verted from a mild, unenterprising race of shepherds, into wandering 
hordes ol‘ fierce, siis 2 )icious, and vindictive savages, treiited as wild beasts 
by their fellow-men, until they become rcjilly assimilated to wild beasts 
in their habits and disjiositiona. Hence have arisen the tribes of Bush- 
men or Bosjesinen, which arc generally regarded as 2)resenting the most 
degraded and miserable condition of which the Human race is capable, 
and have been 8ui>posed (but erroneously) to present resemblances in 
})hysiciil characters to the higher Quadrumana. This transformation has 
Uiken ])lace, under- the observation of eye-witnesses, in the Koranas, a 
tribe of Hottentots well known to have been previously the most advanced 
in all the im^irovenients which belong to pastoral life ; for having been 
])luridcred by their neighbours, and driven-out into the wilderness to 
subsist u])on wild fruits, they have adopted the habits of the Bushmen, 
and have become assimilated in every essential j^articular to that miserable 
tribe. — ]ta 2 )pear 8 , however, from the inquiries of Hr. Andrew Smith, that 
this process of degradation has been in operation (juite independently of 
external agencies ; nearly all the South African tribes who have made 
any advances in civilization being surrounded by more barbarous hordes, 
w'hosc abodes are in the wildernesses of mountains and forests, and who 
constantly recruit their numbers by such fugitives as crime and destitution 
may have driven from their own more honest and more thriving com- 

Mongolian cbaracterg in the Hottentot race, — that it i« the remnant of a migration from 
Asia, earlier than that in which the great bulk of the African nations have their origin; 
and that it has been driven down to tbe remotest corner of the continent, just as the 
aboriginal (Mongolian) population of south-western Europe seems to ^vo been driven 
back by the Indo -European immigration (§ 840). 
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munities ; and fliese people vary their mode of speech designedly, and 
even adopt new words, in order to make their meaning unintelligible to 
all but the members of their own association. This has its complete 
parallel in the very midst of our own or any other highly-civilized com- 
munity ; all our large towns containing spots nearly as inaccessible to 
those unacquainted with them, as are the rude caves or clefts of hills, or 
the burrows scooped-out of the level karroo, in which the wretched 
Bushman lies in wait for his prey ; and these being tenanted by a people 
that have been well characterized as les classes dangereusesj which, as 
often as the arm of the law is paralyzed, issue-forth from the unknown 
deserts within which they lurk, and rival in their fierce indulgence of 
the most degrading passions, and in their excesses of wanton cruelty, the 
most terrible exhibitions of barbarian inhumanity. Such outcasts, in 
all nations, purposely adopt, like the Bushmen, a ‘ flash ’ language ; and 
in their general character and usages there is a most striking parallel.* 
848. The American nations, taken collectively, form a group which 
appears to have existed as a separate family of nations from a very early 
period in the world’s history. They do not form, however, so distinct 
a variety, in regard to physical characters, as some anatomists have 
endeavoimed to prove ; for, although certain peculiarities have been stated 
to exist in the skulls of the aboriginal Americans, yet it is found on a 
more extensive examination, that these peculiarities are very limited in 
their extent, — the several nations spread over this vast continent differing 
from each other in physical peculiarities as much as they do from those 
of the Old World, so that no typical form can be made-out among them. 
In regard to complexion, again, it may be remarked, that although the 
native Americans have been commonly characterized as “ red men,” they 
are by no means invariably of a red or coppery hue, some being as fair 
as many European nations, others being yellow or brown, and others 
nearly, if not quite, as black as the Negroes of Africa ; whilst, on the 
other hand, there are tribes equally red, and perhaps more deserving that 
epithet, in Africa and Polynesia. Our ordinary notion of the American 
races, having been chiefly founded upon the characters of those tribes of 
‘ Indians’ with whom European settlers first came into contact, proves to 
be no more applicable to the inhabitants of the Continent generally, than 
are the characters of the Negro to the population of Africa as a whole 
(§ 844). — In spite of all this diversity of conformation, it is believed that 
the structure of their languages affords a decided and clearly-marked 
evidence of relationship between them (§ 838). Notwithstanding their 
diversities in mode of life, too, there are peculiarities of mental character, 
as well as a number of ideas and customs derived from tradition, which 
seem to be common to them all ; and which for the most part indicate a 
former elevation in the scale of civilization, that has left its traces among 
them even in their present depressed condition, and still distinguishes 
them from the sensual, volatile, and almost animalized savages, that are 
to be met- with in many parts of the Old Continent. — The Esquimaux 
have been regarded as constituting an exception to all general accounts 
of the physical characters of the American nations ; for in the configura - 
tion of their skulls, as also in their complexion and general physiognomy, 
they conform to the Mongolian tribe, even presenting it in an exaggerated 
* See “London Labour and the London Poor,” p. 2. 
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degree ; whilst their wide extension along the whole northern coast of 
America, through the Aleutian Islands, and even to the Continent of 
Asia, certainly lends weight to the idea that they derive their origin from 
the Northern Asiatic stock. But the increased acquaintance which has 
been recently gained with the tribes that people the north-eastern portion 
.of the American Continent, has clearly shown that no physical separation 
can be established between the Esquimaux and the Indian proper ; the 
one form graduating so insensibly into the other, as to make^the distinction 
between the two groups there as difficult as on the western side it is easy. 
Hence the existence of the Esquimaux population in this situation affords 
a complete link of transition between the Asiatic and the American 
nations, in the precise region in which the geographical relations of the 
two continents would lead us to expect it. * ' 

849. It now remains for us to notice the Oceanic races, which inhabit 
the vast series of islands scattered through tlie great ocean that stretches 
from Madagascar to Easter Island. There is no part of the world which 
affords a greater variety of local conditions than this, or which more 
evidently exhibits the effects of physical agencies on the organization of 
the human body. Moreover, it affords a case for the recognition of 
affinities by means of language, that possesses tmusual stability; since 
the insulated position of the various tribes that people the remote spots of 
this extensive tract prevents them from exercising that influence upon 
each other's forms of speech, which is to be observed in the case of nations 
united by local proximity or by frequent intercourse. Tried by this test, 
it is found that the different groups of people inhabiting the greater part 
of these insular regions, although so widely scattered and so diverse in 
physical characters, are more nearly connected together than most of the 
families of men occupying continuous tracts of land on the great conti- 
nents of the globe. A probable explanation of this remarkable affinity 
has been afforded by the careful investigation of the Flora and Fauna of 
these regions* by Dr. Hooker and Mr. Wallace ; whose observations 
furnish strong evidence that most important and extensive geological 
changes have taken place since the islands scattered over that region have 
been peopled by their existing inhabitants. The western and eastern 
halves of the Indian archipelago, the former containing Sumatra and 
Borneo, the latter including Celebes and New Guinea, are separated at 
their nearest approximation by the Straits of Lombok, which are no more 
than fifteen miles wide ; the Fauna of the former is essentially Asiatic, 
that of the latter essentially Australian ; and there is no other intermixture 
between them, than such as a very limited migration across this narrow 
channel will readily account for. Now, the various portions of the Indian 
province are still connected by a vast submarine plain, which extends 
over the whole of the Java Sea, the Straits of Malacca, the Gulf of Siam, 
and the southern part of the China Sea, at a depth of not more than three 
hundred feet, abruptly terminating at its limits in an unfathomable ocean. 
An elevation of the sea-bottom to this amount, therefore, would nearly 

* See tbe “ Introdactory Essay to the Flora of New Zeahindf* by Br. J. B. Hooker, 

1853, and his Flora of Australia; ita Origin, Affinities, and Bistribution,** 1859. 
Also Mr. A. R. Wallace, ‘ On the Zoological Geography of the Malay Archipelago,’ in 
the ** Proceedings of the Linnsean Society for Noveml^, 1859; and the review of ffiese 
works in the “ Medico-Chir, Rev.” for 1860, vol. xxv. p. 871. 
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double the extent of tropical Asia ; and there is every probability that the 
continent waa thus extended before that last great elevation of the volcanic 
range of Java and Sumatra took place, which (according to the general 
fact first brought into notice by Mr. Darwin, of an alternation of bands of 
elevation and depression) was coincident with the subsidence that sepa- 
rated those islands from Borneo on the one side, and from the continent 
of Asia on the other. On the other hand, the great Pacific Continent, of 
which New Guinea and Australia are doubtless fragments, and which (as 
Dr. Hooker has rendered probable by botanical considerations) once con- 
nected Australia and New Zealand with South America, seems to have 
extended itself as far westward as the Moluccas ; and its submergence, 
producing the limitation and separation of the great islands of the South 
Sea, seems to have taken place before the rise of the tropical Asiatic 
continent. There are even indications that the tropical Indian Continent 
extended so near to - what is now the coast of Africa, that the Isle of 
Bourbon and the Mauritius, perhaps even Madagascar, were outlying 
portions of it ; and if the submergence which formed the bed of the pre- 
sent Indian Ocean should have taken place subsequently to the time when 
those countries became inhabited by Man, we have a rational explanation 
of the fact which has perplexed all ethnologists, and which the hypothesis 
of migration can scarcely be stretched far enough to account for, — that 
both the Fauna and the languages of Madagascar are rather Malayo- 
Polynesian than African in their fundamental affinities. 

850. The inhabitants of Oceania seem divisible into two principal 
groups, which are probably to be regarded as having constituted distinct 
races from a very early period ; these are the Malayo-Polynesian race, 
and the Negritos or Pelagian Negroes. The Malayo-Polynesian group is 
by far the more extensive of the two ; and comprehends the inhabitants 
of the greater part of the Indian and Polynesian Archipelagoes, with the 
peninsula of Malacca (which is the centre of the Malays proper), and 
perhaps the inhabitants of Madagascar. These are all closely united by 
affinities of language. The proper Malays bear a strong general resem- 
blance to the Mongolian races, and this resemblance is shared, in a greater 
or less degi’ee, by most of the inhabitants of the Indian Archipelago. 
They are of a darker complexion, as might be expected from their 
proximity to the eqTiator ; but in this complexion, yellow is still a large 
ingredient. The Polynesian branch of the group presents a much wider 
diversity ; and if it were not for the community of language, it might be 
thought to consist of several races, as distinct from each other as from the 
Malayan branch. Thus the Tahitians and Marquesans are tall and well- 
made ; their figures combine grace and vigour ; their skulls are usually 
remarkably symmetrical ; and their physiognomy presents much of the 
European cast, with a very slight admixture of the features of the Negro. 
The complexion, especially in the females of the higher classes who are 
sheltered from the wind and sun, is of a clear olive or brunette, such as 
is common among the natives of Central and Southern Europe ; and the 
hair, though generally black, is sometimes brown, or auburn, or even red 
or flaxen. Among other tribes, as the New Zealanders, and the Tonga 
and Friendly Islanders, there are greater diversities of conformation and 
hue ; some being finely proportioned and vigorous, others comparatively 
small and feeble ; some being of a copper-brown colour, others nearly 
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black, others olive, and others almost white. In fact, if we once admit 
a strongly-marked difference in complexion, features, hair, and general 
configuration, as establishing a claim to original distinctness of origin, we 
must admit the application of this hypothesis to almost every group of 
islands in the Pacific ; — ^an idea, of which the essential community of 
language seems to afford a sufficient refutation. Among the inhabitants 
of Madagascar, too, all of which speak dialects of the same language, some 
bear a strong resemblance to the Malayan type, whilst others present 
approaches to that of the Negro. 

851. The Negrito or Pelagian-Negro races must be regarded as a 
group altogether distinct from the preceding ; having a marked diversity 
of language ; and presenting, more decidedly than any of the Malay o- 
Polynesians, the characters of the Negro typo. They form the predomi- 
nating population of New Britain, New Ireland, the Louisiade and Solo- 
mon Isles, of several of the New Hebrides, and of New Caledonia; and 
they seem to extend westwards into the mountainous interior of the 
Malayan Peninsula, and into the Andaman Islands in the Bay of Bengal.’'^ 
The Tasmanians, or aborigines of Van Diemen’s Land, wliich are now 
almost completely exterminated, undoubtedly belonged to this group. 
Very little is known of them, except through the reports of the people of 
Malayo-Polynesian race inhabiting the same islands ; but it appears that, 
generally s])eaking, they have a very inferior physical development, and 
lead a savage and degraded life. There is considerable diversity of phy- 
sical characters among them ; some ap])roximating closely in hair, com- 
plexion, and features, to the (jiiiriea-Coast Negroes ; whilst others are of 
yellower tint, straight hair, and better general devclojmient. The 
Papuans, who inhabit the northern coast of New Guinea and some 
adjacent islands, and who are remarkable for their large bushy masses of 
half-woolly hair, have been su})posed to constitute a distinct race ; but 
there is little doubt that they arc of hybrid descent, between the Malays 
and the Pelagian Negroes. — To this group wo are probably to refer the 
Alfourous, or Alforiau race, Avliich are considered by some to be the 
earliest inhabitants of the greater part of the Malayan Archipelago, and 
to have been sup])lantcd by the more powerful people of the preceding 
races, who have either extirpated them altogether, or have driven them 
from the coasts into the mountainous and desert parts of the interior. 
They are yet to be found in the central parts of the Moluccas and Philip- 
pines ; and they seem to occupy most of the interior and southern portion 
of New Guinea, where they are termed Endamenes. They are of very 
dark complexion ; but their hair, though black and thick, is lank. They 
have a peculiarly repulsive physiognomy ; the nose is flattened, so as to 

* An interesting paper *0n the Mincopie Race of the Andaman Isles/ by Professor 
Owen, will be found in the ** Transactions of the Ethnological Society*’ for 1868, p. 84* 
They appear to be amongst the most degraded of the Human species, possessing no notion 
of a Supreme Being, nor of a future existence, nor any sense of decency or shame ; they 
are of diminutive size, yet the cranium is well formed, of an oval type, with rather 
receding forehead, and they are skilful in making knives of glass and iron cast np from 
wrecks. They possess considerable power of imitation, and are active in mnning, 
climbing, and swimming. They are not cannibals. Prof. Owon concludes that ihej 
are the aborigiues of these islands ; but remarks, that antecedent generations may have 
coexisted with the slow and gradual geological changes which have obliterated the place 
or continent of their primitive origin. 
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give the nostrils an almost transverse position ; the cheek-bones project ; 
the eyes are large, the teeth prominent, the lips thick, and the mouth 
wide. The limbs are long, slender, and mis^apen. From the close 
resemblance in physical characters between the Endamenes of New Guinea 
and the aborigines of New Holland, and from the proximity between the 
adjacent coasts of these two islands, it may be surmised that the latter 
belong to the Alforian race ; but too little is known of the language of 
either to give this inference a sufficient stability. In the degradation of 
their condition and manner of life, the savages of New Holland fully 
equal the Bushmen of South Africa; and it is scarcely possible to imagine 
human beings existing in a condition more nearly resembling that 
of brutes. But there is reason to believe, that the tribes in closest 
contact with European settlers are more miserable and savage than those 
of the interior ; and even with respect to these, increasing acquaintance 
with their language, and a consequent improved insight into their modes 
of thought, tend to raise the very low estimate which has been formed 
and long maintained, in regard to their extreme mental degradation. 
The latest and most authentic statements enable us to recognize among 
them the same principles of a moral and intellectual nature, which, in 
more cultivated tribes, constitute the highest endowments of humanity ; 
and thus to show that they are not separated by any impassable barrier, 
from the most civilized and elevated nations of the globe. — There are 
many indications, indeed, that the Negrito race is not so radically distinct 
from the Malayo-Polynesian, as the marked physical dissimilarity of their 
respective types, and the apparent want of conformity between their lan- 
guages, would make it appear. For as, on the one hand, some of the 
subdivisions of the latter present a decided tendency towards that pro- 
gnathous character and depth of complexion which are typical of the 
former, so among the former do we not unfrequently meet with a lighter 
shade of skin, a greater symmetry of skull, and a considerable improve- 
ment in form and feature. And although no very close relationship can 
be discovered between the Negrito and Malayo-Polynesian languages, yet 
it has been pointed-out by Mr. Norris that a much more decided relation- 
ship exists between the Australian and Tamulian (§ 843); and remote 
as this connection seems, the circumstance adds weight to the idea, that 
the native Australians (with other Negrito tribes) are an offset from that 
southern branch of the great nomadic stock of Central Asia, which seems 
early to have spread itself through the Indo-Chinese and the Indian 
Peninsulas, and to have even there shown an approximation to the pro- 
gnathous type. 

852. Looking, then, to the great diversity which exists among the 
subordinate groups of which both these divisions consist, and their ten- 
dency to mutual approximation, it cannot be shown that any sufficient 
reason exists for isolating them from each other ; and, as already re- 
marked (§ 850), there seems no medium between the supposition that 
each island had its aboriginal pair or pairs, and the doctrine that the 
whole of Oceania has been peopled from a common stock. Looking, 
again, to the very decided approximation which is presented by certain 
Oceanic tribes to the Mongolian type, and this in localities which, on 
other grounds, might be regarded as having received the first stream of 
migration, the possibility, to say the least, can scarcely be denied, that the 
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main-land fnrnished the original stock, which has niidergone various 
transformations subsequently to its first dispersion ; these having been the 
result of climatic influence and mode of life, and having been chiefly 
influenced as to degree by the length of time diU'ing which the trans- 
forming causes have been in operation. At any rate it may be safely 
affirmed, that the Oceanic races are not entitled by any distinctive physi- 
cal peculiarity, to rank as a* group which must have necessarily had an 
original stock distinct from that of the Continental nations. 


CHAPTER XVIIT. 

OF THE MODES OF VITAL ACTIVITY CHARACTERISTIC OF 
DIFFERENT AGES. 

853. Although from the time when the Human being comes into the 
world, to the final cessfition of his corporeal existence, the various func- 
tional oj)erations of Organic life are carried-on with ceaseless activity, 
whilst those of Animal life are only suspended by the intervals of repose 
which are needed for the renovation of their organs, yet there are very 
marked differences, not onjy in the degree of their united activitf/y but also 
in the relative degrees of energg ivhich theg several! g manifest^ at different 
cpoclis. Tliese differences, taken in connection with the modifications in 
the size and conformation of the body with wliich they are in relation, 
mark-out the whole term of life into the various ‘ Ages,’ which are com- 
monly recognized as seven, namely Infancy, Childhood, Youth, Adoles- 
cence, Manhood, Decline, and Senility, For Physiological purposes, 
however, a less minute subdivision is equally or perhaps more appropriate ; 
namely, the three great periods of Growth and Development, of Maturitg 
and of Decline, The first comprehends the whole of that series of opera- 
tions, by which the germ evolves itself at the expense of the nutriment 
which it appropriates from external sources, into the complete organism, 
possessed not merely of its full dimensions, but of its highest capacity 
for every kind of functional activity ; this includes, therefore, the epochs 
of Embryonic life. Infancy, Childhood, Youth, and Adolescence, all of 
which are characterized by an excess of the constructive over the de- 
structive changes taking-place in the organism. The second period ranges 
over the whole term of Manhood, in which, the organism having attained 
its complete development, is brought into vigorous and sustained activity ; 
and in which it is maintained in a condition fitted for such activity, by 
the equilibrium which subsists between the operations of redintegration 
and of disintegration. The third period commences with the incipient 
failure of the bodily powers, consequent upon the diminished activity of 
the constructive powers, as compared with that of the changes which 
involve degeneration and decay ; this diminution begins to manifest itself 
during the latter part of Middle Life, before Old age can properly be said 
to commence ; and it continues in an increasing ratio through the whole 
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decline of life,’ until, the reparative powers being exhausted, Death 
supervenes as the necessary termination of that long succession of phe- 
nomena of which Life consists. 

854. Although the "organisation of the body at each epoch may be truly 
said to be the resultant of all the material changes which it has under- 
gone during the preceding periods, yet it is scarcely possible to take an 
enlarged view of the case, without perceiving that we must look for the 
cause of this succession in those dynamical conditions, the presence of 
which is the distinguishing atoibute of living structures. Every construc- 
tive act, whether this consist in Growth (§ 313) or in Development (§ 314), 
not merely requires materials for the new tissue produced, but depends 
upon the active operation of a fomative i^ower^ without whose agency 
these materials would remain unorganized. In our examination into the 
source of the formative power which we see thus operating in every indi- 
vidual organism (chap, i.), we found it traceable to the Physical Forces 
to which it is subjected (Heat being the one which seems to bear most 
directly upon the formative operations) ; these forces being metamorphosed, 
so to speak, into the constructive force of the living body, in virtue of the 
peculiar endo'wments of its material substratum, — just as an Electric cur- 
rent transmitted through the different nerves of Sense, produces the 
sensory impressions which are characteristic of each respectively (§ 582) ; 
or as the same current, transmitted through one form of Inorganic matter, 
produces Light and Heat, through another. Chemical Change, or through 
another. Magnetism. But we must also recognize in the Organism at 
large, as well as in every integral part of it (§ 312), a certain capacity ior 
growth and development, — which is the original endowment of its germ ^ — 
which not only determines the mode in which it shall progressively evolve 
itself into the fabric characteristic of its species and sex, but also shapes 
the peculiarities of the individual, — which serves also to bring-about the 
perpetual reconstruction that is needed for its continued maintenance, 
and is peculiarly manifested in those reparative processes which make- 
good losses of its substance resulting from injury or disease, — and of 
which the cessation, by preventing any further metamorphosis of Phy- 
sical into Vital force, causes the constructive powers to fail altogether, 
so that the Organism is resolved-back by these very forces into the 
various forms of Inorganic matter at the expense of which it had been 
built-up. 

855. Now this * germinal capacity’ is most strikingly displayed during 
those earliest periods of existence, in which growth and development 
alike are tfiking-place most rapidly ; in fact, the further we go back in 
the history of intra-uterine life, the more energetic do we perceive its 
manifestations to be. For when we look simply at the increase from the 
minute point that constitutes the first perceptible germ, to the mature 
foetus of G or 7 lbs. weight, we see that at no other period of existence 
can that increase be compared in its rate, with that which presents itself 
during the nine months that foUow conception ; and if we go more into 
detail, we find that it is yet more remarkable in the earlier than in the 
later months (§ 857). So, again, it is in the first few weeks of embryonic 
life, that the foundation is laid of most of its permanent organs^ in the 
midst of an apparently-homogeneous mass of cells ; whilst in the succeed- 
ing weeks, these rudiments are evolved into the semblance of the forms 
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they are subsequently to present, and a differentiation of tissued begins tO' 
show itself in their several parts ; so that the developmental process is so 
far advanced at little more than half the term of gestation, that the 
foetus may even then, under favourable circumstances, maintain an inde- 
pendent existence (§ 754). The rate of increase becomes progressively 
slower during the advance from infancy to maturity ; and the energy of 
the developmental process is comparatively enfeebled, being limited to 
the perfecting of structures whose foundations had been previously laid, 
and in no instance manifesting itself normally in the evolution of a new 
part or organ. Now as there is no limit (in the well-nourished indi-’ 
vidual) to the supply of Food and Warijjth, it follows that this gradual 
decline of formative activity must be due to a diminution of the atpaciti/ 
for that activity, inherent in the organism itself ; and this diminution is 
still more strongly marked by that enlire cessation, both of increase, and 
of further developmental changes, which constitutes the termination of 
the first period. For the organism which has attiiined that stage of its 
existence, has so far lost the formative ca])acity which characterized its 
earlier years, that, however copious the sup])ly of food, however abundant 
the generation of heat, it can thenceforth do no more than maintain its 
normal condition, and can effect this for only a limited term of years. 
It seems a necessary sequence of this series of phenomena, that the time 
should come, when, after a period of gradual dcclmc, the germinal 
capacity of the organism should be so much reduced as no longer to suffice 
for the maintenance of its own integrity ; and whenever such is the case, 
the termination of its existence as a living body must be the necessary 
result, lienee we find that there is a natural limit, not only to the size 
and development of the organism, but also to the duration of its life. 
And although that limit, in each case, is subject to variation amongst 
individnals, partly in consequence of diversity of external conditions, but 
partly (it may be surmised) through differences in the measure of ger- 
minal capacity possessed by each, yet there is a limit also to these varia- 
tions, so that the character of the species is never de])arted-from. 

856. Period of Groicth and Development. — The general history of the 
first j)art of this period, that of Embryonic existence, has already been so 
fully given, that it is only necessary here to remark briefly in regard to 
the character of its vitel operations, that the whole nisus of its activity is 
directed rather to the performance of the vcfjetativc or organic \ hi\n to that 
of the animal functions; the action of the heart, and the occasional reflex 
movements of the limbs, being its only manifestations of ncrvo-muscular 
power. And thus it seems to bo that the formative capacity is greater 
during embryonic life, than at any subsequent period, and greater in its 
earlier than in its later stages; so that we have not only evidence of an 
extraordinary power of regenerating parts which have been lost by disease 
or accident, as seen in attempts at the reproduction of entire limbs afler 
their ‘ spontaneous amputation ’ (§ 343) ; but there is also not unfre- 
quently an absolute excess of productive power, as shown in the develop- 
ment of supernumerary organs, which may even j^roceed to the extent 
of the complete duplication of the entire body, by the early subdivision 
of the embryonic structure into two independent halves (§ 339). — It is 
to be noticed, also, that the embryo derives its supply not merely of food 
but also of heaL from its maternal parent ; and it is probably owing 
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especially to the constancy with which this force operates, that the period 
of embryonic development is so uniform in Man (as in warm-blooded 
Animals generally), by comparison with the corresponding developmental 
periods in Plants . and cold-blooded Animals, these being entirely deter- 
mined by the degree of heat to which the embryoes are subjected. 

857. It is frequently of great importance, both to the Practitioner and 
to the Medical Jurist, to be able to determine the age of a Fcetus from 
the physical characters which it presents ; and the following table has 
been framed by Devergie* in order to facilitate such determination. It is 
to be remarked, however, that the absolute length and iveight of the 
Embryo are much less safe criteria than its degree of development^ as in- 
dicated by the relative evolution of the several parts which make their 
appearance successively. Thus it is very possible for one child born at 
the full time, to weigh less than another born at 8 or even at 7 months ; 
its lengthy too, may be inferior : and even the position of the middle point 
of the body is not, taken alone, a safe criterion, since it is liable to varia- 
tion in individuals.! 

Embryo 3 4 weeks. — It has the form of a serpent; — its length from 3 to 5 lines; — 
its head indicated by a swelling ; — its caudal extremity (in which is seen a white line, 
indicating the continuation of the medulla spinalis), slender, and terminating in the 
umbilical cord ; — the mouth indicated by a cleft, the eyes by two black points ; — mem- 
bers begin to appear.as nipple-like protuberances-; — liver occupies the whole abdomen ; 
— the bladder is very large ; — the chorion is villous, but its villosities are still diffused 
over the whole surface. 

Embryo of 6 weeks. — Its length from 7 to 10 lines ;— its weight from 40 to 75 grains ; 
— face distinct from cranium ; — aperture of nose, mouth, eyes, and ears perceptible ; — 
head distinct from thorax ; — hands and fore-arms in the middle of the length ; fingers 
distinct ; — legs and feet situated near the anus ; — clavicle and maxillary bone present a 
point of ossification ; — distinct umbilicus for attachment of cord, which at that time 
consists of the omphalo-meseraic vessels, of a portion of the urachus, of a part of the 
intestinal tube, and- of filaments which represent the umbilical vessels ; — the placenta 
begins to be formed ; — the chorion still separated from the amnion ; — the umbilical 
vesicle very large. 

Embryo of 2 months. — Length from 16 to 19 lines ; — weight from 150 to 300 
grains ; — elbows and arms detached from the trunk ; — heels and knees also isolated ; — 
rudiments of the nose and of the lips ; palpebral circle beginning to show itself ; — clitoris 
or penis apparent ; — anus marked by a dark spot ; — rudiments of lungs, spleen, [and supra- 
renal capsules ; — caecum placed behind the umbilicus ; — digestive canal withdrawn into 
the abdomen ; — urachus visible ; —osseous points in the frontal bone and in the ribs ; — 
chorion commencing to touch the amnion at the point opposite the insertion of the 
placenta ; — placenta begins to assume its regular form ; — umbilical vessels commence 
twisting. 

Embryo ofZ months . — Length from 2 to 2J inches ; — weight from 1 oz. to 1 J oz. (Troy); 
— ^head voluminous ; — eyelids in contact by their free margin ; — membrana pupillaris 
visible ; — mouth closed ; — fingers completely separated ; — inferior extremities of greater 
length than rudimentary tail ; — clitoris and penis very long ; — thymus as well as supra- 
renal capsules present; — ceecum placed below the umbilicus; — cerebrum 5 lines, cere- 
bellum 4 lines, medulla oblon^ta 1 i line, and medulla spinalis j of a line, in diameter ; 
— two ventricles of heart distinct ; — the decidua reflexa and decidua uterina in con- 
tact ; — funis contains umbilical vessels and a little of the gelatine of Warthon ; — 
placenta completely isolated ; — umbilical vesicle, allantois, and omphalo-meseraic 
vessels have disappeared. 

Foetus o/4 months. — Length 5 to 6 inches ; — weight 2J to 8 oz. ;— skin rosy, tole- 
rably dense ; — mouth very large and open ; — membrana pupillaris very evident nails 

* **M6decine L4gale,** Sidme edit. tom. i. p. 279. 

t See, on this last point, Moreau in Lancette Franjaise,” 1837 ; and Dr. A. Taylor 
in Guy's Hospital Reporte,” 1842. 
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begia to appear ;->geQital organs and sex distinot ; — essoain placed near the right 
kidney ; — ^gaU-bladder appearing ; — meconium in duodenum j — c»cal ralre visible ; — 
umbilicus placed near pubis; — ossicula auditoria ossified; —points of ossification in 
Buperidr part of sacrum; — membrane forming at point of insertion of placenta on 
uterus ; — complete contact of chorion with amnion. 

Fcetus of 5 — Length 6 to 7 inches ; — weight 5 to 7 os. ; — volume of head still 

comparatively great ; — nails very distinct ; — hair beginning to appear ; — skin .without 
sebaceous covering; — white substance in cerebellum ;— heart and kidneys very volu- 
minous; — caecum situated at inferior part of right kidney; — gall-bladder distinct;— 
germs of permanent teeth appear ; — points of ossification in pubis and calcaneum ; — 
meconium has a yellowish- green tint, and occupies commencement of large intestine. 

Foetus of Q months , — Length 9 to 10 inches; — weight 1 lb.; — skin presents some 
appearance of fibrous structure ; — eyelids still agglutinated, and membrana pupillaris 
remains ; — sacculi begin to appear in colon ; — funis inserted a little aboVe pubis ; — face of 
a purplish red ; — hair white or silvery ; — sebaceous covering begins to present itself ; — 
meconium in large intestine ; — liver dark-red ; — gall-bladder contains serous fluid 
destitute of bitterness ; — testes near kidneys ; — points of ossification in four divisions 
of sternum middle point at lower end of sternum. 

Foetus of 7 months. — Length 13 to 15 inches ; — weight 8 to 4 lbs. skin of rosy 
hue, thick, and fibrous sebaceous covering begins to appear ; —nails do n^ yet reach 
extremities of fingers ; — eyelids no longer adherent ; — membrana pupillaris disappear- 
ing ; — a point of ossification in the astragalus; — meconium occupies nearly the whole of 
large intestine ; — valvulm conniventes begin to appear ;— emeu m placed in right iliac 
fossa ; — left lobe of liver almost as large as right ; — gall-bladder contains bile ; — brain 
possesses more consistency ; — testicles more distant from kidneys ; — middle point at a 
little below end of sternum. 

Foetus of 8 months. — Length 14 to 16 inches ; — weight 4 or 5 lbs. ; — skin covered 
with well-marked sebaceous envelope ; — nails reach extremities of fingers ; — membrana 
pupillaris becomes invisible during this mouth ; — a point of ossification in last vertebra 
of sacrum ; — cartilage of inferior extremity of femur presents no centre of ossification ; 
— brain has some indications of convolutions; — testicles descend into internal ring ;— 
middle point nearer the umbilicus than the sternum. 

Foetus o/9 months^ the fall Length from 17 to 21 inches ;-~weight from 5 to 

9 lbs., the average probably about 6^ lbs.;— head covered with hair in greater or less 
quantity, of from 9 to 12 lines in length ;— skin covered with sebaceous matter, espe- 
cially at bends of joints; — membrana pupillaris no longer exists ; external auditory 
meatus still cartilaginous ; — four portions of occipital bone remain distinct ; oshyoides 
not yet ossified point of ossification in the centre of cartilage at lower extremity of 
femur ; — white and grey substances of brain become distinct ; liver descends to um- 
bilicus testes have passed inguinal ring, and are frequently found in the scrotum ; 
meconium at termination of large intestine ; — middle point of body at umbilicufl, or a 
little below it. 

858. From the time of its entrance into the world, the condition of the 
Human Infant is essentially changed. It is no longer supplied with 
nutriment by the direct transmission of orgariizahle materials from the 
circulating fluid of the mother to its own ; but obtains it by the pre^essea 
of digestion, absorption, and assimilation, which involve the establishment 
of new modes of vital activity in its own organism. In order, however, 
that the change may not be too sudden, the nutriment provided by 
Nature for the early period of infantile life, is such as to occasion the least 
possible demand upon its vital powers, for the preparation of the orgamz- 
able material which is required for its further growth and development. 
But the transition is a most important one in another particular; me 
infant is now thrown in a great degree upon its own resourc^ for the 
generation of its Heat; and this it is enabled to accomplish by the com- 
bustion of a portion of its food which is specially provided for the 
purpose, this combustion being promoted by the a^angements for tlmt 
active Respiration, which now supersedes the very limited aeration of its 
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circTilatiiig fluids that was suiEcient during foetal life. In the movements 
of the respiratory muscles and of the walls of the alimentary canal, we 
have a new source of expenditure of vital force, and of destruction of 
tissue ; and this expenditure is progressively augmented, as the motions 
of the body and limbs become increasingly active. Thus we find that 
the formative powers are not exercised during Infancy and Childhood, 
solely in the constmction and augmentation of the fabric (as they were 
during embryonic life), since there is a constant demand upon them for its 
maintenance : and this demand becomes greater and greater, in propor- 
tion to the activity of the Animal powers. These, at first called into 
exercise by the stimulus of sensory impressions upon the Nervous 
system, are speedily brought into very energetic operation. This ope- 
ration is of an extremely limited character, being at first purely sen- 
sorial^ and for some time afterwards simply perceptive. But the whole 
Mind (such as it is) ‘being given-up to it, habits of observation are 
formed, which are never subsequently lost ; the infant learns how to use 
his Organs of Sense ; and he also acquires those powers of interpreting 
their indications, which become so completely engrafted into his nature, 
as henceforth to seem a part of it. Although this Education of the Senses 
will necessarily go-on, even without any intentional assistance on the part 
of others, yet it is in the power of the Mother or Nurse to promote it 
effectually, by supplying objects of various kinds which the Infant may 
look-at and grasp, and by not abruptly interfering (by the too-speedy 
withdrawal of such objects) with the process by which the visual and 
tactile perceptions are blended and harmonized (§ 609). — The Nervous 
system of the Infant, although thus called into extraordinarily-energetic 
activity, cannot long sustain that activity ; a very large measure of Sleep 
is required for the restoration of its speedily-exhausted powers ; and any 
unusual excitement of them tends to injurious disturbances of its nutri- 
tion. It is owing to this peculiar susceptibility of the Nervous system of 
the Infant to external influences, that medicines (especially narcotics) 
which exert a special influence upon that system, are so peculiarly potent 
in their effects at this period of life, that the greatest caution is needed in 
their administration. 

859. The most important developmental change which occurs in 
Infancy, after the complete establishment of the extra-uterine circulation 
(§ 775), is the completion and eruption of the first set of Teeth; the 
greater part of whose formation, however, has taken-place before birth. 
These ‘milk’ or ‘deciduous’ teeth, 20 in number, usually make their 
appearance in the following order : — The four central Incisors first present 
themselves, usually about the 7th month after birth, but frequently much 
earlier or later; those of the lower jaw appear first. The lateral Incisors 
next show themselves, those of the lower jaw coming- through before those 
of the upper; they usually make their appearance between the 7 th and 
10th months. After a short interval, the anterior Molars present them- 
selves, generally soon after the termination of the 12th month ; and these 
are followed by the Canines, which usually protrude themselves between 
the 14th and 20th months. The posterior Molars are the last, and the 
most micertain in regard to their time of appearance ; this varying from 
the 18th to the 36th month. In regard to all except the front teeth, there 
is no settled rule as to the priority of appearance of those in the upper or 
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under jaw ; sometimes one precedes, and sometimes the other ; but in 
general it may be stated that whenever one makes its appearance, the 
other cannot be ikr off. The same holds-good in regard to the two sides, 
in which development does not always proceed exactly pari passu, — The 
period of Dentition is sometimes one of considerable risk to the Infantas 
life ; and this especially when an irritable state of the nervous system has 
been brought-about by unsuitable food, unwholesome air, or some otlier 
cause of disordered health. In such cases, tlie pressure upoij tlio nerves 
of the gum, which necessarily precedes the opening of tlie sac and the 
eruption of the tooth, is a fruitful source of irritation ; producing dis- 
turbance of the whole system, and giving origin to Convulsive affections 
which are not unfrequcntly fatal. These have been particularly studied 
by Dr. M. Hall, who recommends the free use of the gum-lancet, as a 
most important means of prevention and cure; but the Autlior has no 
doubt that too much attention has been given to the immediate source of 
the irritation, and too little to the general state of the system ; and that 
constitutional treatment, especially change of air, and improvement of the 
diet, is of fundamental importance. In infants whose general health is 
good, and who are not over-fed. Dentition is usually a source of but very 
trifling disturbance ; a slight febrile action, lasting only for a day or two, 
being all that marks the passage of the tooth through the capsule ; and its 
eruption through the gum taking-place without the least indication of 
suffering or disorder. Any existing malady or abnormal tendency, liow- 
ever, is pretty sure to be aggravated during the ‘ cutting of the teeth 
and it is therefore of the greatest consequence, that the infant should bo 
withdrawn during this period from all injurious influences ; and that no 
irregularity of diet, or deficiency of fresh air and exercise, sliould operate 
to its disadvantage. 

8(50. Although there are no well-marked divisioiis between the periods 
of Childhood, Youth, and Adolescence, through all of which we ‘witness 
the continuance of the processes of Growth and Dcvclo])ment (tlio\igh in 
a gradually-decreasing ratio), yet we may appropriately distinguish each 
as the epoch of one of those important changes which tend towards the 
completion of the fabric; namely. Childhood as ranging through the 
greater part of the period of the second Dentition, — Youth as characterized 
by that increased evolution of tlie sexual organs, and by those general con- 
stitutional changes accom])anying that evolution, which altogether consti- 
tute Puberty, — and Adolescence as distinguished by that entire consolida- 
tion of the Osseous skeleton, which is not completed until the full stature 
has been attained. It will be convenient first to consider what is common 
to all these periods ; and then to notice the features by which they are 
severally characterized. 

861. The passijge from Infancy to Childhood may be regarded as 
marked by the eruption of the ^deciduous’ Teeth ; by the termination of 
that direct supply of food to the offspring, which is afforded until then 
by the Mammary secretion of the mother ; by the dawn of the Intellectual 
powers, manifested in tlie first efforts at speaking ; and by the acquirement 
of sufficient control over the muscular apparatus, to render it subservient 
to the increasing desire which then displays itself for indejiendent Loco- 
motion. All these advances usually take place simultaneously, or nearly 
so, during some part of the second year ; some Infants being much more 
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forward than others, both in ‘ cutting their teeth’ and in learning to walk 
and to talk. When they have been completed, the Child enters upon a 
life which is in many respects new. The alteration of its diet involves a 
much higher activity of all the organs which are concerned in making 
blood ; whilst its greatly-increased amount of exertion, both of body and 
mind, gives occasion to a more rapid disintegration of the nervous and 
muscular tissues, and hence to a higher activity of the Excretory organs. 
This will, of course, progressively augment, in proportion as the Nervo- 
muscular apparatus is brought, with advancing years, into more vigorous 
and more prolonged exercise ; until, with the attainment of adult age, the 
disintegration of these tissues comes to be the chief source of the Excre- 
mentitious products. But during the whole period of increase, there is 
another source of demand for nutritive activity, in that perpetual re-con- 
struction of the fabric (involving a sort of continual pulling-down and 
rebuilding on a larger scale, all the old materials being carried-away as 
useless) which is a necessary condition of its growth : but this demand of 
course slackens with ,the diminution of the rate of increase *, and at last it 
ceases altogether, just when the other attains its maximum. Hence the 
demand for food, on the one hand, and the amount of excretory matter 
set-free from the body, on the other, are remarkably large during the 
whole of this period : the child, as every one knows, consuming far more 
nutriment than the adult, in proportion to the weight of their respective 
bodies ; and the like being true of the quantity of carbonic acid exhaled 
from the lungs (§ 288, iii.), and of the urea given-off from the kidneys 
(§ 392). — That the germinal capacity, though inferior to that of the 
embryo, still persists in a high degree during the period of childhood and 
youth, is shown in the readiness with which the effects of injuries and 
disease are recovered-from ; for although the regeneration of lost parts 
does not take-place to nearly the same extent as during early embryonic 
life, yet up to a certain point it is effected with great completeness, and 
with much greater rapidity than at later epochs. It is still, in fact, rather 
in the exercise of formative power, than in the production of nervo- 
muscular vigour, that the vital force of the earlier part of this period is 
displayed ; and we may readily trace such a relation of reciprocity 
between these two modes of its manifestation, as is strongly indicative of 
the community of their source. For it is familiar to every observer, that, 
when the growth of a child or a yomig person is peculiarly quick, his 
nervo-muscular energy is usually feeble, and his power of endurance 
brief, in comparison wuth that which can be put-forth by one whose 
frame is undergoing less rapid increase, And we observe, moreover, 
that the capacity of resistance to depressing influences of various kinds, 
which is a no less decided manifestation of the vital power of the 
organism (seeing that these mfluences ^e of such a kind as to tend towards 
its death), is possessed by the latter in a far higher degree than by the 
former. This is remarkably the case in regard to privation of food and 
depression of external temperature; under which, too, children and 
young persons succumb much more speedily than adults. 

862. It is most interesting to trace, during the progress of the develop- 
ment of the bodily fabric, the gradual expansion and invigoration of the 
Mental powers. The acquirement of Language constitutes the most 
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important step in the development of the ideational consciousness; and it 
is easy to recognize in the psychical manifestations of Children, the further 
process of that development. The formation of Associations between 
ideas takes-place with extraordinary readiness and tenacity during the 
earliest period of childliood; and these exercise so much influence over the 
succession of the thoughts during the whole remainder of life, that “ tlie 
force of early associations” has become proverbial. Out of these asso- 
ciations arise, on the one hand. Memory and Imagination ; on the other 
hand, those simple processes of Reasoning which are necessary to the 
development of a higher chiss of ideas. Thus the mind passes from 
those primary notions of individual objects which are directly suggested 
by sense-perceptions, to those abstract ideas of their qualities, which 
enable them to recognize those qualities elsewhere, notwithstanding the 
existence of differences in other respects ; and thence to those general 
ideas, in which the abstractions are embodied. In all these processes, t]j^ 
child-mind seems to be so entirely concentrated upon the particular sub- 
ject of its thoughts, as to be ‘possessed’ by it for the time, almost as 
completely as a ‘ biologized ’ subject is by his dominant idea ; and no pro- 
longed study of it is required to justify the statement, that its operations 
are for some time entirely automatic^ and that the acquirement of Voli- 
tional control over them, on the part of the individual, is a very gradual 
process. As a general rule it may be laid-down that the activity with 
which the formation of now ideas takes-place in the child, and the rapidity 
with which the attention transfers itself from one object to another, pre- 
vents any single state from fixing itself durably in the consciousness, so 
that the Memory preserves but faint traces of the greater part of what 
passes through the mind ; and it is (for the most part) only when the 
same thoughts are frequently recurred-to, that they take root (so to speak) 
in the psychical nature. Still we occasionally find that particular im- 
pressions exert a very powerful influence on the subsequent course of 
thought and feeling ; and there is good reason to believe that even where 
the consciousness loses its holdover them, impressions of a transient nature 
may leave such traces in the Brain, that they may be reproduced at any 
future time when the appropriate suggestion may happen to be supplied. 
— Whilst the ideational consciousness is thus being expanded and ele- 
vated, the Emotional part of the Psychical nature is rapidly acquiring a 
greater range and intensity of action. The infant and young child give 
ample evidence in their actions, of the several forms of Emotional Sensi- 
bility which connect themselves with Sensational and Perceptive states ; 
but no sooner does the development of Ideas commence, than the various 
modifications of ‘ feeling ’ attach themselves to these ; and thus almost 
every thotight that is not a purely-intellectual abstraction, comes to 
possess more or less of an Emotional cliaracter. Here, again, we trace 
the powerful influence of early impressions ; for notwithstanding that the 
state of feeling which is habitual to each individual may depend in j^eat 
degree upon his original constitution, yet it is unquestionable that it is 
largely influenced (especially in its association with particular classes of 
ideas) by sympathy with the like states in those among whom the child 
receives its early education. It is of peculiar importance, therefore, that 
this example should be such as it is wholesome for the child to imitate ; 
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smce it is upon the habits of feeling thus early formed, that the happi- 
ness and right conduct of after-life mainly depend. This statement 
(which applies with yet greater force to the Moral Sense) may at first 
seem inconsistent with the well-known fact that the Emotions of children 
are peculiarly transient in their character, even when they are violently 
excited ; one state of feeling giving-place to another, even of the most 
opposite kind, under the influence of some new impression or of some 
change in the direction of the ideas. But the same general principle 
applies to this case, as to the formation of habits of thought ; namely, that 
although individual impressions are more speedily dissipated from the 
minds of children than from those of adults, yet that when impressions of 
the same kind are frequently repeated, the brain grows-to them in such a 
manner that they come to t^e-part (as it were) in its ordinary working ; 
and thus, by establishing a particular mode of nutritive assimilation, they 
tyid to perpetuate this acquired habit, of whatever nature it be. — The 
right training of the Emotional tendencies, and all the higher uses of the 
Intellectual Faculties, depend in great degree, as may readily be shown, upon 
the influence of the Will in directing the current of thought and feeling ; 
and this becomes greater and greater, if rightly cultivated, with the advance 
of years, so that the psychical powers, whilst themselves acquiring an 
increase of vigour and comprehensiveness, are brought more and more 
under the control of the individual, and can be utilized in any way in 
which he may choose to employ them. Thus with a diminishing 7yiohility 
of thought and excitability of feeling, the Mind becomes more and more 
capable of sustained and detenninately -concentrated activity ; and is at 
the same time progressively acquiring that store of familiar experiences^ 
which not only constitutes the basis of aU attainments in special depart- 
ments of knowledge, but supplies (when judiciously used) that ‘ common- 
sense ’ by which we form most of our judgments and direct most of our 
conduct. — During this period, moreover, the Muscular apparatus of 
Animal life, whose actions are at first purely automatic, is brought more 
and more under the direction of the Mind, so as to express its ideas, its 
feelings, and its volitions. And it is whilst this transference is going-on, 
that new habits of action ^re most readily formed, and when once formed, 
are durably impressed upon the organism (§§ 498, 533, 668). — The excess 
which must exist, during tlie whole of this period, in the constructive over 
the dest?'uctive activity, and the large amount of the latter which (as 
already sliown) arises out of the very nature of Growth, in addition to 
that which proceeds from the increased activity qf the Animal functions, 
necessitates a much larger proportion of repose than suffices for the adult; 
but this necessity diminishes with the progress of years, for the reasons 
already mentioned ; and thus we find that whilst the young diild passes 
16 or 18 hours a day in slaep, Imlf that time suffices for the youth just 
entering on manhood. * 

863. The Second Dentition, consisting in the replacement of the 
deciduous or ‘ milk ’ Teeth by the permanent Teeth that succeed them, 
which is the most important developmental change that occurs during 
the period of Childhood, normally commences in the 7th or 8th year : 
the germs of the new teeth, however, are formed long previously, having 
their origin in a process of gemmation from the tooth-sacs of the tem- 
porary teeth, which takes-place at a 'Very early period in the development 
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of tho latter. The three permanent Molars on either side of each jaw, 
however, have no such origin : since they do not replace temporary teeth. 
The first pair, which usually make their appearance behind the temporary 
molars, either con tern poraneously-with, or a little anteriorly -to, the first 
shedding of the deciduous teeth, are reaUy ^ milk ’ teeth, so far as their 
origin is concerned, since they are developed from primitive tooth-sacs : 
on the other hand, the second true molars, which afterwards come -up 
behind them, are evolved from tooth-sacs which hold the same relation 
to those of the first, as the tooth -sacs of the other permanent teeth do to 
those of the deciduous teeth which they replace ; and the third true 
molars, or dentes sapienticBj bear the like relation to the second. Although 
the eruption of the true molars is so long postjxjned, yet the foundation 
of them is laid at an earlier period ; for the papilla of tlie first is distin- 
guishable at the IGth week after conception, that of the second at tlie 7tli 
month after birth, and that of the third at the 6th year. In the suc- 
cessive replacement of the ‘ milk ’ teeth by the ‘ ])ermanent ’ set, a very 
regular order is usually followed. The middle Incisors are first shed and 
renewed, and then tlie lateral Incisors. The anterior ‘milk’ Molars next 
follow ; and these are replaced by the atiterior Bicuspid teeth. About a 
year afterwards, the posterior ‘ milk ’ Molars are shed, and ture replaced 
in like manner by Bicusjud teeth. The Canines are the last of the ‘ milk’ 
teeth to be exchanged ; in the succeding year, the second pair of the true 
Molars appear; but the third pair, or dentes sapietiiicc, are seldom deve- 
loped until three or four years subsequently, and often much later. 

864. It has been proposed* (and from the evidence adduced in ite 
favour, the proposition would seem entitled to considerable attention) to 
adopt the successive stages in the Second Dentition, as standards for 
estimating the physical oaj)abilities of Children, especially in regard to 
those two periods which the Factory -Laws render it of the greatest im- 
portance to determine : namely, the ages of 7 i{ne and thirteen years. 
Previously to the former, a Child is not jiermittcd to work at all ; and 
up to the latter, it may be only employed during nine hours a day. The 
necessities or the ciqjidity of Parents are continually inducing them to 
misrepresent the ages of their children ; and it has been Ibund desirable, 
therelbrc, to seek for some test, by which the capability of the Child may 
be determined, without a knowledge of its age. A standard of Height 
has been adopted by the Legislature for this purj)ose ; but uj)on grounds 
which, physiologically considered, are very erroneous ; since, as is well 
known, the tallest chilcfrpn are frequently the weakliest (§861). Accord- 
ing to Mr. Saunders, the degree of advance of the Second Dentition may 
be regarded as a much more correct sbindard of' the degree of general de- 
velopment of tffe organic frame and of its jdiysical powers; and it appears 
from his inquiries, that it may be relied-on as a guide to the real age in 
a large proportion of cases; whilst no serious or injurious mistake can 
ever arise from its use. It may happen that local or constitutional causes 
may have slightly retarded the development of the Teeth ; in which case 
the age of the individual would rather be under-estimated, and no harm 
could ensue : on the other hand, instances of premature development of 
the Teeth very rarely, if ever, oc6ur ; so that there is little danger of 

• The Teeth a Test of Age, considered witl^ reference to the Factory Children.” By 
Edwin Saunders. 
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imputing to a Child a capability for exertion which he does not possess, 
as the test of height is continu^y doing. Moreover, if such an advance 
in Dentition should occur, it might probably be regarded as indicative of 
a corresponding advance in the development of the whole organism ; so 
that the real capability would be such as the teeth represent it. — The 
following is Mr. Saunders’s statement of the Ages at which the ‘ perma- 
nent ’ Teeth respectively appear : — The first true Molars usually pre- 
sent themselves towards the end of the 7th year. Occasionally one of 
them protrudes from the gum at 6, or more frequently at 6^ years of 
age ; but the evolution of the whole of them may be regarded as an almost 
infallible sign of the Child being 7 years old. In other instances, where 
the tooth on one side of the mouth is freely developed, it is fair to reckon 
the two as having emerged from their capsules ; since the development of 
the other must be considered as retarded. This rule only holds good, 
however, in regard to teeth in the same row ; for the development of the 
teeth in either jaw must not be inferred from that of the corresponding 
teeth in the other. With this understanding, the following table will 
probably be very near the truth : — 

• 

Central Incisors developed at 8 years. 

Lateral Incisors ^ n 

First Bicuspid ,, 

Second Bicuspid . H 

Canines 12tol24 

Second Molars . . . 12 J to 14 

The following are the results of the application of this test, in a large 
number of cases examined by Mr. Saunders. Of 708 children of nine 
years old, 530 would have been pronounced by it to be near the comple- 
tion of their ninth year; having the central, and either three or four lateral, 
incisors fully developed. Out of the remaining 178, it would have indi- 
cated that 126 were 8J^ years old, as they presented one or two of the 
lateral Incisors ; and the 52 others would have been pronounced 8 years 
old, all having three or four of the central Incisors. So that the extreme 
deviation is only 12 months ; and this in the inconsiderable proportion 
(when compared with the results obtained by other means) of 52 in 708, 
or 7 J per cent. Again, out of 338 children of 13 years of age, 294 might 
have been pronounced with confidence to be of that age ; having the 
Canines, Bicuspid, and second Molars, either entirely developed, or with 
only the deficiency of one or two of either class. Of the 44 others, 36 
would have been considered as in their 13th year, having one of the pos- 
terior Molars developed; and 8 as near the completion of the 12th, 
having two of the Canines, and one or two of the second#Bicuspid. In 
aU these instances the error is on the favourable side, — that is, on the 
side on which it is calculated to prevent injury to the objects of the 
inquiry ; in no instance did this test cause a Child to be estimated as 
older or n^ore fit for labour than it really was.* 

* The value of this test, as compared with that of Height, is manifested by a striking 
example adduced by Mr. Saunders. The l^jeight of one lad, J. J., aged 8 years and 4 
months, was 4 feet and J of an inch ; that of another boy, aged 8 years and 7 months, 
was only 3 feet 7^ inches. According to the standard of height adopted by the Factory 
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865. The period of Youth is distinguished by that advance in the evo- 
lution of the Generative apparatus in both sexes, and by that acquirement 
of its power of ftinctional activity, which constitutes the state of Puberty, 
Of the principal changes in which this consists, in the two sexes respec- 
tively, an account has already been given (§§ 723, 730, 799) ; and it is 
merely requisite here to add, that this augmented development can only 
be rightly regarded -as, preparatory Ui the exercise of these organs, and not 
as showing .that the aptitude for their exercise has already been fully 
attained. It is only when the growth and development of the indiindual 
are completed, that the procreative power can be properly exerted for the 
continuance of the race ; and all experience shows that by prematurely 
and unrestrainedly yielding to the sexual instincts, not merely the gene- 
rative power is early exhausted, but the vital powers of the organism 
generally are reduced and permanently enfeebled ; so that any latent pre- 
disposition to disease is extremely liable to manifest itself; or the bodily 
vigour, if for a time retained with little deterioration, early undergoes a 
marked diminution. 

866. After the attainment of Puberty, no marked alteration takes- 
place in the organism, save the continuance of its increase in stature, 
usually for a few years longer (§ 797) ; which increase is the chief mani- 
festation oi' the excess of the germinal capacity, that has not yet expended 
itself in the building-up of the fabric. But so long as this increase is 
going-on, there is a want of that solidity and compactness of the organism 
which seem only attainable when growth has ceased ; and the attainment 
of which, being essential to the highest manifestations of vigour and en- 
durance, marks the final completion of its develo])ment. Of this we have 
the best illustration in the Osseous system; whose completion, being 
jMDstponed until all fiurther growth has ceased, may bo fairly considered 
as marking the final stage in the development of the organism, and as 
therefore characterizing the period of Adolescence, — Commencing with 
the Vertebral Column,, we find that whilst the ‘body’ and ‘neural arches’ 
of each vertebra become consolidated in early childhood, the spinous and 
transverse processes arc completed by separate ‘ epiphyses,’ the ossification 
of which does not commence until after puberty, and the final union of 
which with the body of the bone may not occur until the age of twenty- 
five or thirty years. About the same time, there is formed and added to 
each surface of the body of the vertebra a smooth annular i>Iate of solid 
bone, which covers a portion that was previously rough and fissured. 
During this period, the consolidation of the Sacrum is proceeding ; the 
component vertebree of which remain separate up to about the sixteenth 
year, and then begin to unite from below upwards, the union of the two 

Commissioners (namely 3 feet 10 inches), the taller lad would have been judged fit for 
labour, whilst the shorter would have been rejected. The Dentition of the latter, how- 
ever, was further advauced than that of the former ; for he had two of the lateral 
Incisors, whilst the former had only the central : and the determination of their rela- 
tive physical powers, which would have been thus formed, would have been in complete 
accordance with the truth. The elder boy, though shorter than the other by 5\ inches, 
possessed a much greater degree b<>th of corporeal and menial energy, and his pulse 
was strong and regulai* ; whilst that of the younger lad, vho was evidently growing too 
fast, was small and frequent.— An instance even more striking has come under the 
Autlior's own observation. 



CHARACTERISTICS OF DIFFERENT AGES. 


highest being completed by about the twenty-fifth or the thirtieth year ; 
whilst at the same time tnin osseous plates are formed on either side of 
the coalesced mass, which seem to represent the epiphyses of the trans- 
verse processes of its component vertebrae, and like them are finally 
joined-on to the body of the bone. The ossification and coalescence of 
the Coccygeal vertebrae takes-place at a still later period. Each Rib in 
like manner has two epiphyses, one for the head and the other for the 
tubercle ; the ossification of which begins soon after puberty, whilst their 
union with the body of the bone is not completed until some years after- 
wards. The five pieces of which the Sternum consists, though them- 
selves completely ossified, remain separate until after the age of puberty ; 
when their union commences from below upwards, as in the sacrum, not 
being always completed, however, even in old age, by the junction of 
the first piece to the rest of the bone. The ossification of the Ensiform 
cartilage does not commonly begin until after the age of puberty ; and it 
is usually not entirely completed even in very advanced life. — The ossihc 
union of the separate elements of the Bones of the Shall (§§ 786, 787), is 
usually completed within a few years after birth; but there are some parts 
which not unfrequently remain distinct during the greater portion of life, 
and which may even never coalesce; such is the case with the two halves of 
the Frontal bone, which often remain permanently divided by a continua- 
tion of the sagittal suture, and with the Styloid process of the temporal 
bone. In the Upper extremities^ we find the Scapula presenting three 
epiphyses, one for the coracoid process, one for the acromion, and one for 
the lower angle of the bone ; the ossification of which begins soon after 
puberty, their union with the body of the bone taking-place between the 
ages of twenty- two and twenty-five years. The Clavicle has an epiphysis at 
its sternal end, which begins to form between the eighteenth and twentieth 
years, and is united to the rest of the bone a few years later. The con- 
solidation of the Humerus is completed rather earlier ; the large piece at 
the upper end, which is formed by the coalescence of the ossific centres 
of the head and two tuberosities, unites with the shaft at about the 
twentieth year ; whilst its lower extremity is completed by the junction 
of the external condyle and of the two parts of the articulating surface 
(previously united with each other), at about the seventeenth year, and by 
that of the internal condyle in the year following. The superior epiphyses 
of the Radius and Ulna unite with their respective shafts at about the age 
of puberty ; the inferior, which are of larger size, at about the twentieth 
year. The epiphyses of the Metacarpal and Phalangeal bones are united 
to their principals at about the twentieth year. — In the Lower extremities^ 
the process of ossification is completed at nearly the same periods as that 
of the corresponding parts of the upper. The consolidation of the Ilium, 
Ischium, and Pubis, to form the Os Innominatum, by the ossification of 
the triradiate cartilage that intervenes between them in the acetabulum, 
does not take-place until after the period of puberty ; and at this time 
additional epiphyses begin to make their appearance on the crest of the 
ilium, on its anterior inferior -spine, on the tuberosity of the ischium, and 
on the inner margin of the pubes, which are not finally joined to the bone 
until about the twenty-fifth year. 

867. The rapid increase in Viability which shows itself in both sexes 
up to the age of puberty, its rapid decline firom that point, and its sub- 
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Bequent increase in the male up to the age of thirty, have been already 
pointed-out (§ 797). The disorders to which the orga;nism is most subject 
during the several periods which have now been considered, are by no 
means the same for each. In early Childhood, when there is a great 
demand for the activity of the Digestive and Assimilative functions, and 
these have to be exercised upon nutriment to which their organs are not 
yet accustomed, we find derangements of those organs to be among the 
most common of all maladies ; these may be serious enough in them- 
selves to constitute dangerous and even rapidly-fatal diseases ; but even 
when they do not take these acute forms, a foundation is often laid, in 
habits of perverted Nutrition thence arising, for disorders of a more 
chronic nature (especially those depending on the Tubercukir diathesis, 

§ 360), which may not manifest themselves for many years afterwards. 
The peculiar activity of the nervous centres, which is prolonged from 
Infancy into early Childhood, involves a continued liability to derange- 
ments of their nutrition or of their functions ; and thus it happens that 
in young children of scrofulous temperament, it is either in the mesenteric 
glands, or in the brain or its membranes, that tubercular deposit first 
takes place. The second Dentition, like the first, is often accompanied 
with a great deal of constitutional disturbance; especially in such indi- 
viduals as are suffering from defective Nutrition, or from an irritable state 
of the Nervous System. In the former case, there is a special proneness to 
Tubercular disease;* in the latter, to Ejnlepsy, Chorea, or some other form 
of disorder of the nervous centres, the connection of which with Dentition 
is shown by its abatement when that epoch has passed. A large part of 
the sickness and mortality, however, which presents so high a rate during 
the whole period of Childhood, is due to various forms of Zymotic disease, 
especially the Exanthemata and Infantile Eemittcnt Fever, and to their 
sequelce .^ — The attainment of Puberty in the Male sex is not usually 
attended with any specific tendency to disease ; nor would it probably be 
in the Female, if her mode of life were more accordant with tlio rules of 
health. Although disorder of the Menstrual function is one of the most 
common phenomena of female youth, yet it is undoubtedly to bo looked 
upon more frequently as a symptom of general defect of nutrition (and 
especially of an impoverished condition of tlie blood), than as itself con- 
stituting a disease. The extraordinary reduction in the i)robability of 
life, indicating a large mortality, during the years which immediately 
succeed puberty, seems to depend in great degree, in the Male, ujjon the 
premature use of his generative powers, and upon his entrance upon the 
active employments of life before his constitution has received that invi- 
goration which results from the completion of his bodily development; 
whilst in the Female it is very commonly attributable to the accumulation 
of unhealthy influences, which begin to ‘ tell’ upon the powers of her 

^ It is a very significant circumstance, that of the many specimens of the Anthropoid 
Apes which have been brought alive to this country, not one has auivived its second 
dentition ; and that, in almost eveiy case, it has been by tubercular disease that their 
lives have been thus prematurely cut-off. ^ 

i* The effects of affluence and poverty on the duration of life at this period are remark- 
ably shown by the deductions of Casper of Berlin, who states as the result of his inqui- 
ries that of 1000 children bom in the families of affluent persons, 911 attained the age 
of 16 years; whilst of 1000 paupers, only 584 survived to that age. (B6clard, Phy-- 
niologie,” 1862, p. 694.) 
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system, when its germinal capacity no longer ministers to its active rege- 
neration. It is then^ in both sexes, though from causes whose immediate 
nature is different, that the Tubercular diathesis is prone to develope 
itself with peculiar intensity, and that, by fixing upon the Respiratory 
organ#, it produces the most rapidly-fatal alterations in structures whose 
integrity is essential to life. 

868. Period of Maturity, — The cessation of growth, and the completion 
of the developmental processes, which indicate the attainment of Manhood, 
are accompanied by a marked increase in the general vigour of the 
organism, and by a special augmentation in the power of endurance in 
the exercise of the Animal faculties. With the exception of those parts 
of the fabric whose utility was confined to the earlier periods of its 
development, we find every organ now presenting its greatest capacity 
for sustained activity ; and thus it is from the characters which each 
presents at this period, that we base our ideas of its typical perfection of 
structure and composition. All the previous changes which the organism 
has undergone, both as a whole and in its separate parts, concur to the 
attainment of this perfection, as we have especially seen in regard to the 
evolution of the solid framework of the body ; and every subsequent 
change, as we shall presently perceive (§ 870), involves a deterioration 
from it. I^he whole nisua of development, during this period, appears to 
be directed towards the maintenance of the organism in the state which 
it had acquired at its commencement; by the regeneration of its tissues as 
fast as they undergo disintegration, and by the renovation of its vital force 
in proportion as this is expended. There is no longer any capacity for 
the production of new organs, and comparatively little for the augmenta- 
tion of those already existing ; the increase of the Uterine and Mammary 
structures, during the period of gestation, being the most important 
examples of formative power, and these presenting themselves in the sex 
in which there is least of nervo-muscular activity and of general vigour. 
We should infer then, that the ‘germinal capacity’ is now on the decline; 
and this further appears from the diminished energy and completeness 
with which the reparative processes are performed, as com])ared with the 
mode Ml which they are executed during the period of growth. There is 
consequently a less demand for alimentary material (allowance being made 
for the augmented bulk of the body) than during the previous periods ; 
and the dependence of life upon a constant supply of aliment is far less 
close. Moreover, the ordinary rate of waste or degeneration of tissue is 
now much less rapid than during the period of growth ; for we have seen 
that decay and removal, in the latter case, are among the very conditions 
of increase ; whilst in the former, they proceed, for the most part, only 
from the expenditure of the vital powers of the tissues, consequent upon 
their functional activity. Hence it is upon the degree in which the 
Animal powers are exercised, that the demand for food chiefly depends 
in the Adult ; the sole purpose of the Organic or Vegetative operations 
being (so to speak) to keep the apparatus of Animal life, now fully deve- 
loped, in working-order. The relative activity of the different parts of 
this apparatus is now somewhat modified. The observing faculties no 
longer possess the same pre-eminence ; the emotional sensibility is less 
readily excited ; but the intellectual powers now act, in the modes which 
have become habitual to them, with a sustained vigour and completeness 
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which they never previously possessed. And so, whilst the muscles are 
not so ea^y excited to contraction, and new combinations of movement 
are acquired with far more difficulty than during the period of growth 
and development, the force which they can generate by their contraction 
is augmented, and this force can be kept-up for a much longer time in 
adults than in younger subjects. 

869. The duration of the period over which this ‘maintenance’ may 
be protracted, without any sensible deterioration, depends in great degree 
upon the due observance of all the conditions of health. If the various 
mental and bodily faculties are duly exercised, without being overtasked, 
— if an amount of sleep adequate to their periodic renovation be regularly 
taken, — if a sufficient but not excessive quantity of wholesome food be 
ingested at appropriate intervals, — if the functions by which the blood 4s 
prepared, and those by which it is kept in purity, be duly performed, — if 
all such noxious agents as foul air, strong alcoholic liquors, tobacco- smoke, 
be kept at a distance, — and there be no constitutional predisposition to 
disease on the one hand, nor any exposure to extraneous morbific causes 
on the other, — it may be fairly anticipated that the bodily and mental 
vigour may be sustained with little deterioration during a long succession 
of years. The circumstances that most tend to premature decline, are, 
on the one hand, excessive exertion either of the mental faculties or of 
the generative power; or, on the other, undue indulgence in food, or in 
stimulating drinks, or in any practice that tends to disorder the Organic 
functions, especially by exciting them to undue activity. Every one who, 
in any of these modes, may “ live too fast,” is almost certain to pay the 
penalty in an abbreviation of his term of vigorous activity ; which may 
be^ either brought to a sudden and final close by fatal disease, or may 
be prematurely reduced by more gradual decay. And this tendency will 
of course be more decided, the greater is the amount, and the larger the 
combination, of those departures from the Laws of Health which give 
rise to it. 

870. Period of Decline . — The decline of life exhibits a much more 
obvious diminution of the whole vital power of the organism ; for not 
only is its formative activity now greatly reduced, but its ncrvo-muscular 
energy and general vigour progressively diminish, and its generative power 
becomes enfeebled, or ceases entirely (§§ 723, 732). Of this diminution 
in formative power we have evidence in the entire absence of any attemj>t 
at new development, in the less perfect and more tedious manner in which 
the losses of substance occasioned by disease or injury are recovei'ed-from, 
and in the gradual deterioration of the organism in general. The tissues 
which are rendered effete by their functional activity, are not any longer 
replaced in their normal completeness; for either the quantity of new 
tissue is inadequate, so that the bulk of the organs is obviously reduced ; 
or their quality is rendered imperfect by the production of structures 
in various phases of degeneration, in place of those which had been pre- 
viously developed in the fullest completeness. The inferiority of Nervo- 
muscular energy and of general vigour are thus evidently the result of the 
deficiency, and not (as in the period of growth) of the excess, of formative 
power; and in proportion as the ‘ waste’ of the tissues, consequent upon 
their functional activity, is more rapid than their renovation, a progressive 
loss of substance must take-place. The forms of Degeneration most com- 
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monly met-witH in advanced age, are the fatty and the calcareous. The 
former (§ 333) is extremely prone to show itself in those organs whose 
integrity of structure is peculiarly important to health, and whose dete- 
rioration interferes directly with the vital properties of their component 
tissues. Thus we observe it in the Muscular apparatus generally, but 
pre-eminently in the walls of the Heart ; and in proportion as its con- 
tractile fibre has been replaced by particles of fat, must the vital energy 
of any muscle be lowered. So, again, we find the same degeneration in 
the Liver, Kidney, and other parts of the Glandular apparatus ; the proper 
secreting action of which is impaired in the ratio of the substitution of 
fat for the proper Glandular elements. But it may also lead to most 
serious derangements of the vital functions, by its interference with the 
purely-mechanical actions of certain parts of the organism ; thus, fatty 
degeneration of the walls of the Blood-vessels is one of the most frequent 
causes of those extravasations of blood in the nervous centres, which give 
rise to the apoplexy and to the various forms of paralysis so common 
among the aged ; and the same change occurring in the Bones, gives 
them that peculiar brittleness which they frequently exhibit in advanced 
periods of life. That general decline of the vital powers, which has 
received the name of ‘ climacteric disease,’ appears traceable to the same 
source.* — The tendency of the calcareous degeneration (which especially 
affects the Cartilaginous and Fibrous tissues) is almost exclusively to 
interfere with the mechanical adaptations of the organism ; producing an 
injurious rigidity in various structures which require a greater or less 
amount of flexibility for the normal performance of their functions. Thus 
it is very common for the cartilages of the ribs to become ossified in 
advanced life, so as to interfere with the free movement of the walla of 
the thorax ; and the thyroid cartilages of old people are frequently con- 
verted into bone, producing a roughness of the voice, and deficiency of 
the power of modulating it. The intervertebral substance (which is 
partly cartilaginous and partly fibrous) not imfrequently becomes solidified 
in the lumbar region, as do also the spinal ligaments, so that several of 
the lower vertebras are firmly anchylosed to each other and to the sacrum ; 
and a like change often takes-jdace in the pelvic articulations, so that the 
pelvis and the lower part of the spine become one continuous mass of 
bone, destitute of flexibility or yieldingness in any part. In like manner 
the cranial sutures often become obliterated, and calcareous deposits occur 
in the duplicatures of the dura mater forming the fiilx and tentorium. 
A large amount of this kind of change may take-place without any serious 
interference with the Organic functions, although it tends to curtail the 
Animal powers. When the calcareous degeneration, however, extends 
itself to the vital organs, the interruption which it occasions in their 
actions may be fatal ; thus, next to fatty degeneration, there is probably 
no more frequent cause of failure of the heart’s action, or of extravasation 
from the blood-vessels, in old persons, than ossification of the valvular 
apparatus of the former, depriving it of the flexibility which is essential 
to its proper action, or of the fibrous walls of the latter, imparting to them 
a brittleness which predisposes to rupture. f 

* See Mr. Barlow’s * Gtenei-al Observations on Fatty Degeneration,’ in the “ Medical 
Times and Odette,” May 15, 1852. 

t A good account of these changes will be found in the ** Practical Treatise on the 
Diseases and Infirmities of Advanced Life,” by Daniel Maclachlan, M.D.; 1863. 
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871. Thus, then, with the advance of Old Age, the organism becomes, 
progressively more and more unfit for the active performance of its vital 
operations ; a gradual weakening is observable in the Mental as well as in 
the Corporeal energy ; and a retardation becomes obvious in the current 
of Organic life. The mind is far less active than in the periods of Ma- 
turity ; the perceptions are dull, the feelings comparatively obtuse (save 
where some dominant emotion has gained possession, through the previous 
habit of yielding to it), the intellectual powers cannot be so readily put 
in action, and the imagination loses its vividness. There are few instances 
in which any great works, either literary or artistic, have been executed 
after the age of threescore. Still, the experience of a long life gives 
value to the judgment ; and the counsels of the old, where the bearings 
of the question can be fully understood, deserve the respect of the young, 
more especially in cases where temporary ardour of feeling tends in the 
latter to supersede the dictates of their calmer reason. — The mental 
torpor is correlated, there seems no reason to doubt, with changes in the 
condition of the Nervous substance, which impair its original activity ; 
and like changes, occurring in the Muscular substance, diminish its 
capacity for physical exertion. Hence there is, on the one hand, a 
marked diminution in the demand ibr food ; on the other, a like diminu- 
tion in the rate of the excretory processes, as is seen especially in the 
exhalation of carbonic acid (§ 288, in.) and in the excretion of Urea 
(§ 392) : and in accordance with all these reductions, there is a greatly 
diminished power of sustaining the heat of the body, the temperature of 
which consequently becomes liable to a serious depression from external 
cold. This retardation of vitjil activity gradually becomes more and 
more marked, until, if neither accident nor disease should intervene, the 
current stops of itself; the formative power seems to undergo a progres- 
sive exhaustion, until no assistance from artificial heat, no supply of the 
most nutritious food, can any longer avail for the generation of new tissue ; 
the nervo-muscular energy gradually declines, until at last even those 
actions on which the circulation and respiration entirely depend can* no 
longer be performed ; and with the ccssiition of these functions, the Life 
of the entire organism becomes extinct. — Such we may consider to be the 
mode in which Death normally occurs. Various abnormal infiuences, 
however, remain to be considered, which may bring about this final result 
at an earlier period, and in different modes (Chap. xix.). 


3 M 2 
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CHAPTER XIX. 

OF DEATH. 

872. We have seen it to be inherent in the very nature of Vital 
Action, that it can only be sustained during a limited period by any 
Organized body ; for although the duration of certain structures may be 
prolonged, and their vital properties retained, almost indefinitely, yet 
this is only when the withdrawal of all extraneous agencies has reduced 
them to a condition of complete inactivity. The Organized fabric, in 
fact, is at the same time the instrument whereby Vital Force is exer- 
cised, and the subject of its operation ; and of this operation, decline is 
no less a constituent part than development^ and Death is its necessary 
sequence. Hence, in the performance of each one of those Functions 
whose aggregate makes-up the Life of Man, the particular organ which 
ministers to that function undergoes a certain loss by the decline and 
death of its component tissues ; and this the more rapidly in proportion 
to the activity of the changes which are effected by their instrumentality. 
But if the regenerative processes be also performed with due vigour, no 
deterioration of the organ is manifested, since every loss of substance is 
compensated by the production of an equivalent amount of new and 
similar tissue. This regenerative power, however, gradually diminishes 
with the advance of years ; and thus it happens that the entire organism 
progressively deteriorates (§ 870), and that Death at last supervenes from 
a general failure of the vital powers, rather than from the perversion or 
cessation of any one class of actions in particular. 

873. But Death may occur at any period of Life, from some local 
interruption produced by disease or injury in the regular sequence of 
vital actions ; such interruption extending itself from the part in which 
it commences, to the organism in general, in virtue of that intimate 
mutual dependence of one function upon another, which is characteristic 
of all the higher orders of living beings. The death of the body as a 
whole, which may be appropriately designated Somatic* death, becomes 
a necessary consequence of the death of a certain part of it, or Molecular 
death, only when the cessation of activity in the latter interferes with 
the elaboration, the circulation, or the depuration of the Blood, which * 
supplies not merely the nutritive pabulum to every part of the organism, 
but also the oxygen which is essential to the activity of the Nervo- 
muscular apparatus. Thus, even in the higher animals, the death or re- 
moval of the limbs, although they may constitute (as in Man) a large pro- 
portion of the fabric, is not necessarily fatal ; because it involves no in- 
terruption, either in the nutritive operations of the viscera, or in the 
sensorial fiinctions of the brain. f On the other hand, the destruction of a 

* This term was first suggested by Dr. Prichard, in place of the less accurate term 
'systemic* which was previously in use. (See “ Cyclop, of Anat. and Physiol,,” vol, i. 
p, 791.) 

t The Author has been informed by Dr. Daniell, that it is not at all uncommon, in 



SOMATIC AND MOLECULAR DEATH : — SYNCOPE. 


901 


certain minute portion of the Nervous centres, or such a lesion of tlie 
Heart’s structure as would be trivial in almost any other organ, may be 
the occasion of immediate death ; because these changes arrest the Re- 
spiratory movements, or interfere directly with the action of the Heart, 
BO as to bring the flow of blood to a stand. It sometimes happens, how- 
ever, that life may be prolonged after the death or removal of some im- 
portant organ, in consequence of the power which some other possesses 
of discharging its function ; thus we And that in Man the kidneys seem 
occasionally to take upon themselves the elimination of the constituents 
of bile from the blood (§ 367); and in the Frog the skin can perform 
part of the office of the lungs, so as to effect the aeration of the blood in 
a sufficient degree to prolong life for some time, unless the temperature 
be elevated.* 

874. But although the vital activity of every part of the body is 
dependent upon a due supply of circulating fluid, yet this dependence is 
usually not so close as to involve the immediate suspension of vital 
activity, or Molecular Deaths in every part, whenever the general Circula- 
tion shall have been brought to a stand. For we have distinct evidence 
of the persistence of vital changes in various organs and tissues of the 
body, after the death of the body at large ; as is manifested in the per- 
formance of ciliary and of muscular movements, in acts of secretion and 
perhaps even of nutrition,f in the maintenance of the local circulation 
(§ 242), and in the generation of animal heat (§ 406) ; and the fact is 
even yet more remarkably manifested in the reunion (even after the 
lapse of some hours) of parts that have been entirely severed, such as 
fingers or toes, noses or cars, by adhesion between the cut surfaces when 
brought into apposition, which could not take place if the severed part 
were already dead. 

875. The permanent and complete cessation of the Circulating current, 
which essentially constitutes Somatic Death, may be directly or indirectly 
consequent upon several distinct causes. — In the frst place, it may be 
due to failure in the propulsive power of the Heart, which constitutes 
Syncope. This failure may occur either («) in consequence of a loss of 
the proper irritability of the Muscular tissue, or {h) through the super- 
vention of a ‘ tonic spasm,’ the organ remaining rigidly contracted with- 
out its usual alternation of relaxation. The phenomena attending death 

Negroes who are in the last stage of the adynamic fevers of the African coast, for death 
and decomposition to extend giadually upwards from the extremities to the trunk j bo 
that the former may be in a state of absolute putrescence, before the respiration and 
circulation have been brought to a stand ; and he learns from Prof. Jackson of Phila- 
delphia, that he has more than once witnessed the same occurrence. 

* That such cannot take-place in Man, is due not merely to the far less complete 
adaptation of his skin for the aeration of the blood, but also to the dijQference in the type 
of his circulation, which causes the arrest of blood in the pulmonary vessels to produce 
a stagnation of the entire current. 

+ Thus Mr. T. Bell mentions (“ History of British Reptiles,” p. 61), that having been 
engaged in the careful dissection of the poison-apparatus of a large Rattlesnake, although 
the animal had been dead for some hours, and the head had been taken-off immediately 
after death, yet the poison continued to be secreted as the dissection proceeded, so as to 
require to be occasionally dried-off with a bit of sponge. — A growth of Hair is said to 
have*been noticed in several instances after death ; and if the temperature of the sur- 
rounding medium be not too low for the vital activity of the hair- bulbs, there seems no 
adequate reason why this should not take-place. 
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in the two cases are not dissimilar, when the loss of irritability is sudden 
and immediate (as when it arises from violent impressions on the nervous 
system) ; for the individual suddenly turns-pale, falls-back or drops- down, 
and expires with one gasp. But under the former condition, the heart is 
foimd flabby^ sometimes empty, sometimes distended with blood, both 
cavities being equally filled ; whilst in the latter the heart is contracted 
and hard, containing little or no blood, as when in the state of rigor mortis. 
— The cause of the loss of irritability, when sudden, usually lies in the 
influence of a ^ shock’ transmitted through the Nervous system, and 
originating either in some severe lesion of its central organs or of its 
peripheral expansion (§ 216), or in a deficiency of its supply of blood or 
diminution of its usual pressure (such as is produced by rapid detraction 
of blood, especially in the erect posture, by the rapid removal of the 
fluid in ascites without the substitution of artificial pressure, or by sud- 
denly rising into the erect posture after prolonged recumbency,* still 
more, after long stooping), or in some powerful mental emotion, either 
exciting or depressing. A more gradual effect of the same kind is pro- 
duced by severe lesions of the internal organs (such as rupture of the 
uterus), which often prove fatal by the general ‘ collapse’ thus induced, 
rather than by the disturbance which takes-place in their own proper 
functions ; and this seems to be the usual modus operandi of corrosive 
poisons, whose effect upon the heart’s action resembles that produced by 
severe burns of the surface in children. The influence of the proper 
sedative poisons, however, — such as digitalis, tobacco, aconite, and upas, — 
seems to be directly exerted, through the blood, upon the tissue of the 
heart itself ; and the same is probably the case with some of those ‘ morbid 
poisons,’ whose introduction into the system gives rise to diseases of the 
most intensely adynamic type, such as Malignant Cholera, in which the 
‘ collapse’ is out of all proportion to any local lesion. But, again, the 
loss of the Heart’s irritability may be a gradual process, resulting from 
the deterioration of its tissue by fatty degeneration or by simple atrophy; 
and this last condition may be due to deficiency of blood, as happens in 
chronic starvation and diseases of exhaustion, in which the failure of the 
circulation seems due to the weakening of the heart’s power and to the 
lowering of the quantity and quality of the blood, acting as concurrent 
causes, the condition thus induced being appropriately designated Asthenia. 
In all cases it is to bo observed that when the Vital powers have been 
previously depressed, a much slighter impression on the Nervous system 
is adequate to produce Syncoj^e, than would be required when it is in a 
state of full vigour. — The causes of the tonic S 2 )asm of the heart have 
not been clearly made-out ; but it seems producible, like the more 
common form of Syncope, by agencies operating through the Nervous 
system ; thus it has supervened upon the ingestion of a large quantity of 
cold water into the stomach. 

876. Somatic Deatli may be occasioned, secondly., by an obstruction 
to the flow of blood through the capillaries of the lungs, constituting 
Asphyxia (§ 298) ; and this may be consequent upon a disordered state 

* Hence it is that great caution should be exercised, in allowing patients who are con- 
valescent from acute diseases to rise into the erect position ; many cases of fatal sylicope 
having been thus induced. The state of general debility, and the continued recumbency, 
both favour this result, especially in persons advanced in life. 
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of the lungs themselves, or upon suspension of the respiratory move- 
ments through affections of the Nervous centres. It is in this mode 
that most fatal disorders of the Nervous System produce death, except 
when a sudden and violent impression occasions a cessation of the heart’s 
power; thus in Apoplexy, Narcotic Poisoning, &c., death results from 
the paralyzed condition of the Medulla Oblongata ; whilst in Convulsive 
diseases, the fatal result generally ensues upon a spasmodic fixation of 
the respiratory muscles. — Thirdly^ Somatic death may be occasioned by 
a disordered condition of the Blood itself (§ 182), which at the same 
time weakens the power of the Heart, impairs the activity of the Nervous 
system, and prevents the performance of those changes in the systemic 
Capillaries, which afford a powerful auxiliary to the circulation. This is 
Death by Necrcemia.^ — Fourthly^ Somatic death may result directly from 
the agency of Cold, which stagnates all the vital operations of the system. 
Where the cooling is due to the agency of an extremely low external 
temperature, which acts first upon the superficial parts, there is reason to 
think that the congestion of the internal vessels thereby induced, occasions 
a torpid condition of the Nervous centres, and that the cessiition of 
the Circulation is immediately due to Asphyxia. But when the cooling 
is gradual, and the loss of heat is almost equally rapid throughout, it 
is obvious that the stagnation must be universal, and that no cessation of 
activity in any one part is the occasion of the torpor in the functions of 
the remainder. It is in this manner that death ordinarily results from 
Starvation, and not by the weakening of the heart’s action, as commonly 
supposed ; the proofs of this have been already stated (§ 411). 

877. As a general rule, we find that the more active the changes which 
normally take place in any tissue during life, the more speedily does its 
Molecular Death follow Somatic Death, the requisite conditions of its 
vital action being no longer supplied to it. Thus we observe that iji 
Cold-blooded animals, the supervention of Molecular upon vSomatic death 
is much less speedy than it is in Birds and Mammals. This seems due 
to two causes. In the first place, the tissues of the former, being at all 
times possessed of a lower degree of vital activity than those of the latter, 
are disposed to retain it for a longer time ; according to the princi])lo 
already laid-down. And, secondly, as the maintenance of a high tem- 
perature is an essential condition of the vital activity of the tissues of 
Warm-blooded animals, the rapid cooling of the body after Somatic death 
is calculated to extinguish it speedily ; and that this cause has a real 
operation, is evinced by the influence of artificial warmth in sustaining 
the vital properties of separated parts. — The rapidity, however, with 
which Molecular death follows the cessjition of the general circulation, 
wiU be influenced by a variety of causes ; but especially by the degree in 
which the condition of the solids and fluids of the body has been impaired 
by the mode of death. Thus in Necrasmia, Asthenia, and death by 
gradual cooling, Molecular and Somatic Death may be said to be simul- 
taneous ; and the same appears to be true of death by sudden and violent 
impressions on the Nervous system (§ 21G). But in many cases of death 
by causes which operate by producing a more ^adual Syncope or 
Asphyxia, the tissues and blood having been previously in a healthy 

* See Br. C. J. B. Williams’s Principles of Medicine,” 3rd edit., p. 653. 
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condition, Molecular death may be long postponed ; and we cannot be quite 
certain that it has supervened until signs of actual decomposition present 
themselves. 

878. When Molecular death takes-place in an isolated part, it must 
result from some condition peculiar to that part, and not primarily affect- 
ing the body in general. Thus we may have Gangrene or Mortification 
of a limb as a direct result of the application of severe cold, or of an agent 
capable of producing chemical chapges in its substance, or of violent 
contusions occasioning mechanical injury ; or, again, from an interruption 
to the current of nutritive fluid ; or, further, from some ill-understood 
stagnation of the nutritive process, which manifests itself in the spon- 
taneous death of the tissues without any assignable cause, as in some 
cases of senile gangrene. Sometimes we are enabled to trace this stagna- 
tion to a disordered condition of the circulating fluid ; as in the gangrene 
resulting from the continued use of the ^ ergot ’ of rye or wheat ; but we 
can give no other account of the almost invariable' commencement of 
such gangrene in the extremities, than we can of the selection of lead, 
introduced into the blood, by the extensors of the fore-arm. — If Mortifi- 
cation or Molecular Death be once estabhshed in any part, it tends to 
spread, both to contiguous and to distant portions of the body. Thus 
we have continually to witness the extension of gangrene of the lower 
extremities, resulting from severe injury or from the use of the ergot, 
from the small part first affected, imtil the whole limb is involved ; and 
this extension is easily accounted-for, by our knowledge of the tendency 
of organic substances in the act of decomposition, to produce a similar 
change in other organic substances subjected to tlio influence of proximity 
to them. And the propagation of the gangrenous tendency to remoter 
parts, is obviously due to the perversion of the qualities of the Blood, 
which results from a similar cause.* 

879. It is quite certain that an apparent cessation of all the vital 
functions may take-place, without that entire loss of vitality which would 
leave the organism in the condition of a dead body, liable to be speedily 
disintegrated by the operation of chemical and physical agencies. The 
state of Syncope is sometimes so complete that neither can the heart’s action 
be perceived nor any respiratory movements be observed, all conscious- 
ness and power of movement being at the same time abolished ; and yet 
recovery has spontaneously taken place, which could scarcely have been 
the case if all vital action had been suspended. — It is not a little 
remarkable, that certain individuals have possessed the power of volun- 
tarily inducing this condition. The best-authenticated case of this kind 
is that of Col. Townsend, which was described by Dr. George Cheyne,! 
who was himself the witness of the fact. But statements have been 
recently made respecting the performances of certain Indian Fakeers, 
which are far more extraordinary ; it being demonstrated, if these asser- 
tions are to be credited, { that the Human organism may not only be 

* On the proximate causes of Death, see especially the Art. * Death,’ by Dr. Symonds, 
in the “ Cyclop, of Anat. and Phys.,” vol. i. ; the first chapter of Prof. Alison’s Outlines 
of Pathology and Practice of Medicine,” and Dr. C. J. B. Williams’s “ Principles of Medi- 
cine,” 8rd edit., pp. 686-667. 

t See his “ Treatise on Nervous Diseases,” p. 307. 

t See a collection of these cases, directly obtained from British officers who had been 
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voluntarily reduced to a state resembling profound collapse, in which 
there appears to be a nearly complete suspension of all its vital operations, 
but may continue in that condition for some days or even weeks, until, 
in &ct, means are taken to produce resuscitation. — Another form of 
apparent death, the existence of which appears to be well- authenticated, 
is that sometimes designated as ‘ Trance’ or ‘ Catalepsy,’ in which there 
is a reduction of all the Organic Functions to an extremely low ebb, but 
in which Consciousness is still preserved, whilst the power of voluntary 
movement is suspended ; so that the patient, though fully aware of all 
that is being said and done around, is unable to make the least visible or 
audible sign of life.* It is impossible, in the present state of our know- 
ledge, to give any satisfactory account of these states ; but some light 
appears to be thrown upon them by certain phenomena of artificial Som- 
nambulism, ‘hjrpnotic’ or ‘mesmeric’ (§ 57G); for in this condition, 
there is sometimes an extraordinary retardation of the respiratory move- 
ments and of the pulsations of the heart, which, if carried further, would 
produce a state of complete collapse ; and its self-induction is suspected 
by Mr. Braid to be the secret of the performance of the Indian Fakeers 
just referred- to. 

880. The signs by which real is certainly distinguishable from apparent 
Death, are not numerous, a large proportion of those commonly relied-on 
being fallacious ; but they are conclusive. — In the first place, it is to 
be remarked that no reliance is to be placed, for tlie reasons already 
mentioned, upon the apparent cessation of the Heart’s action and of tlie 
Respiratory movements; since the reduction of these to so low a condition 
that they are no longer distinguishable, is by no moans incompatible with 
the persistence of vitality. A surer tost, however, is afforded by the con- 
dition of the Muscular substance ; for this gradually loses its irritability 
after real Death, so that it can no longer be excited to contraction by 
electrical or any other kind of stimulation ; and the loss of irritability is 
succeeded by the appearance of cadaveric rigidity. So long, then, as the 

eye-witnesses of them in India, by Mr. Braid, in his “ Observations on Trance, or Human 
Hybernation,” 1850. — In one of these, vouched-for by Sir Claude M. Wade (formerly 
political agent at the Court of Runjeet Singh), the Fakeer was buried in an underground 
cell, under strict guardianship, for dx weeks; the body had been twice dug up by Runjeet 
Singh during the period of interment, and had been found in the same position as when 
first buried. — In another case, narrated by Lieut. Boileau, in his “Narrative of a 
Journey in Rajwarra, in 1835,” the man had been buried for ten days, in a grave lined 
with masonry and covered with large slabs of stone, and strictly guarded ; and he 
assured Lieut. B, that he was ready to submit to an interment of a twelvemonth’s 
duration, if desired. — In a third case, narrated by Mr. Braid, the trial was made under 
the direct superintendence of a British Ofl&cer, a period of nine days having been stipu- 
lated- for on the part of the devotee ; but this was shortened to three at the desire of the 
Officer, who feared lest he should incur blame if the result was fatal. — The appearance 
of the body when first disinterred, is described in all instances as having been quite 
corpse-like, and no pulsation could be detected at the heart or in the arteries ; the means 
of restoration employed w'ere chiefly warmth to the vertex, and friction to the body and 
limbs. — It may be remarked that the possibility of the protraction of such a state (sup- 
posing that no deception vitiates the authenticity of the narratives referred-to) can be 
much better comprehended as occurring in India, than as taking-place in this country; 
since the warmth of the tropical atmosphere and soil would prevent any serious loss of 
heat, such as must soon occur in a colder climate, when the processes whereby it is gene- 
rated are brought to a stand. , m i. • j 

■* Several such cases are recorded in Dr. H. Mayo’s Letters on the Truths contained 
in Popular Superstitions,” and also by Mr. Braid, Op. cit. 
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miiscle retains its irritability and remains free from rigidity, so long we 
may say with certainty that it is rwt dead ; and the persistence of its 
vitdity for an unusual period affords a presumption in favour of the 
continuance of some degree of vital action in the body generally ; whilst, 
on the other hand, the entire loss of irritability, and the supervention of 
rigidity, afford conclusive evidence that death has occurred. The most 
satisfactory proof, however, is given by the occurrence of putrefaction ; 
this usually first manifests itself in the blue-green coloration of the cuta- 
neous surface, especially the abdominal ; but it speedily becomes apparent 
in other parts, its rate being usually in some degree of accordance with 
the external temperature, though also much influenced by the previous 
condition of the solids and fluids of the body, these having been some- 
times left by diseased actions in a state that renders them peculiarly 
prone to disintegration (§ 60). 

881. With the final restoration of the components of the Human 
Organism to the Inorganic Universe, in those very forms (or nearly so) in 
which they were first withdrawn from it, the Corporeal Life of Man, of 
which it has been the object of the foregoing Treatise to sketch the lead- 
ing features, comes to a final close. But the Death of .the Body is but 
the commencement of a new Life of the Soul ; in 'which (as the religious 
physiologist delights to believe) all that is pure and noble in Man’s nature 
will bo refined, elevated, and progressively advanced towards perfection ; 
whilst all that is carnal, selfish, and degrading, will be eliminated by the 
purifying processes to which each individual must be subjected, before 
Sin can be entirely subjugated, and Death can be completely “ swallowed 
up of Victory.” 
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between cardiac and respiratory mus- 
cles, 273. 

Montgomery, Dr., on placental bruit, 
775 ; on duration of pregnancy, 782 
note ; on influence of mother on foetus, 
789 note. 

Moore, Mr., on casein of human milk, 
839. 

Moreau, M,, on hacbisch, 600 note ; on 
deteraiination of age of foetus, 884 note. 

Morin, M., on absorption of fats, 120. 

Morton, Dr. S., on the antiquity of 
man, 848. 

Mosler, on effects of large potations of 
water, 49, 

Muller, Prof., on rate of secretion of bile, 
100 ; on coagulation of the blood, 
187 ; on erectile tissue, 262 ; on 
respiration in hydrogen, 295 ; on roots 
of spinal nerves, 464 ; on laws of 
nervous transmission, 466, 467 ; on 
motor roots of pneumogastric, 614 ; 
on cerebellum, 665 ; on the horopter, 
643 ; on complementary colours, 654 ; 
on acoustic principles of hearing, 664, 
666 ; on length of vocal cords, 708 ; 
on mechanism of voice, 715-720; on 
stammering, 728 ; on venous system 
of fishes, 804 note. 

Muller, Dr. H., on structure of retina, 
635-637 ; on accommodation of the 
eye, 631, 632. 

Muller, Prof. Max, on the science of 
language, referred-to, 866 note. 
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Murphy, Prof., his cases of protracted 
gestation, 783 note. 


N. 

Nairne, Dr., his case of softening of 
spinal cord, 524 note. 

Nasse, Prof., on quantity of bile, 100 ; 
on specific gravity of blood, 150 ; on 
bufly coat, 195 ; on influence of food 
on secretion of liver, 386. 

Naumann^ his spbygmograpb, ^37 ; on 
dichrotous pulse, 240. 

Nawrocki, on gases contained in blood, 
174. 

Neubauer, on urine, 405, 411. 

Newport, Mr., on blood-corpuscles of 
insects, 199 ; on increase of carbonic 
acid excreted by exercise, 291 ; on 
nervous ganglia of articulata, 498 ; 
on fertilizing power of spermatozoa, 
749 ; on changes in germinal vesicle 
766 ; on embryonic development of 
batrachia, 792 note. 

Nobili, his law of muscular contraction, 
481. 

Noble, Dr., his cases of paralysis of fifth 
pair, 513. 

Norris, Mr., on Syro- Arabian race, 
868 ; on population of India, 871 ; on 
Hottentot language, 874 note; on 
Australian language, 880. 

Nysten, on excretion of carbonic acid, 
293 ; on vicarious secretion of urine, 
374, 375. 

O . 

Oesterlen, on absorption of solid parti- 
cles, 120. 

Oldham, Dr., on period of conception, 
765 note. 

Ollivier, M., on the cerebellum, 566. 

Ord, M., on course of sensory fibres in 
spinal cord, 520. 

Orton, Mr., on physiology of breeding, 
785 note. 

Outrepont, Dr., his case of early viability, 
781. 

Overbeck, M., on albuminous urine, 400 
note, 

Owen, Prof., on the divisions of the 
mammalia, founded on the brain, 17 ; 
on anthropoid apes, 25 ; on structure 
of cerebrum in man, 29 ; salivary 
glands of myrmecophaga, 74 note; on 
typical vertebra, 816, 817 ; on cranial 
vertebrae, 519, 817 ; on Mauchamp 
breed of sheep, 860 note; on the 
Mincopie race of the Andaman isles, 
879 note. 


P. 

Paget, Mr., on development of blood- 
corpuscles, 162, 168 ; on fibrin of ab- 
normal blood, 181 ; on organization of 
blood-clot, 188 ; on retarded coagula- 
tion of blood, 190 ; on symmetrical 
diseases, 200 ; on complementary 
nutrition, 201 ; on local determining 
causes of inflammation, 212 ; on con- 
tractile movements of heart, 216, 217 ; 
on complete conti-action of heart, 225 ; 
on efiects of mechanical irritation on 
smaller arteries, 231 note ; on capil- 
lary circulation, 254 note^ 255 ; on 
formative power of individual j^arta, 
323, 324 ; on fatty degeneration of 
lymph, 346, 347 ; on exuviation of 
dead parts, 347 ; on tumours, 850, 
351 ; on reparative power, 355 ; on 
incipient changes in atrophy, 354 ; 
on healing processes, 857-361 ; on 
inflammation, 363-369 ; on localiza- 
tion of inflammatory action, 868, 
364 ; on heat of inflammation, 065 ; 
on lymph-products of inflammation, 
367, 368 ; on tuberculosis, 370 note; 
on cancerous cachexia, 371 note; his 
case of deficient commissures, 579 
note; on influence of nervous system 
on nutrition, 737. 

Paget, Dr., on morbid rhythmical move- 
ments, 567 note. 

Pancoast, Dr., on operation for strabis- 
mus, 706 7iote. 

Panizza, on crural plexus of frog, 465. 

Panurn, Dr., on sanitary condition of 
Faroe islands, 47. 

Parent-Duchfttelet, M., on inhalation of 
sulphuretted hydrogen, 299. 

Parisot, on cutaneous absorption, 123, 
124. 

Parker, Mr. Langston, on mercurial in- 
halation, 300 note. 

Parker, Mr. W. K., on the affinities of 
birds, 846 ; on the development of the 
temporal bone, 819. 

Parkes, Dr., on influence of liq. potassse 
on solids of urine, 417 ; on quantity 
of urine, 402 ; on composition of urine, 
405, 406; on elimination of urea, 

Pasteur, M., on carbonic acid contained 
in the intestine, 106. 

Pavy, Dr., on glycogeny, 389—392. 

Payen, M., on economy of admixture of 
animal and vegetable food, 39. 

Peaslee, Dr., on foetal circulation, 806 
note. 

Pelouze, M., on composition of glycogen, 
886 . . . 

Pettenkofer and Voit, on respiration m 
air charged with carbonic a^, 805. 
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Percy, Baron, on siege of Landau, 789. 

Percy, Dr., on absorption of alcohol, 
114. 

Pereira, Dr., on food and diet, referred- 
to, 48 note, 

Peddie, Dr., on mammary secretion, 
835 note. 

P^trequin, M., on function of cere- 
bellum, 572 ; on falsetto voice, 721. 

PflUger, on effects of irritation of 
splanchnic nerves, 69, 70 ; on influ- 
ence of electrical stimuli on motor and 
sensory nerves, 479, 480 ; his law of 
muscular contraction, 482 ; on anelec- 
trotonus and cathelectrotonus, 483- 
490; on structure of ovaries, 754 no^c. 

Philip, Dr. Wilson, on independent action 
of heart, 218 ; on capillary circulation, 
256, 257 ; on maintenance of animal 
heat by artificial respiration, 438. 

Philippeaux and Vulpian, on union of 
sensory with motor nerves, 451. 

Picard, M., on proportion of urea in 
renal, arterial, and venous blood, 148. 

Pincus, on effects of section of sympa- 
thetic and pneumogastric nerves on 
stomach, 65, 88. 

Pinel-Grandchainp, M., on function of 
cerebellum, 567. 

Planer, on gases of intestinal canal, 106; 
on gases contained in urine, 413. 

Plattner, on quantity of bile, 100. 

Playfair, Dr. L., on composition of milk, 
840, 841. 

Plosson, on the cause of variation of sex, 

827. 

Poisseuille, M., his experiments on in- 
fluence of viscidity on capillary flow, 
186 ; on the rate of circulation, 225 ; 
on muscular contractility of arteries, 
232 ; on lateral pressure of blood within 
arteries, 243 ; his haeinadynaraometcr, 
243. 

Poisseuille and Lefort, MM., on presence 
of sugar in various parts of the body, 
388. 

Pole, Mr., his case of colour-blindness, 
655. 

Polli, Dr., on effect of loss of blood, 171 ; 
on coagulation of blood, 189, 191. 

Pouchet, M., on ovulation, 762 note, 

Pravaz, M., on the pulse, 229. 

Prestv^ich, Mr. J., on the flint imple- 
ments of Moulin- Quignon, 848. 

Preussen, on the cause of variation of 
sex, 827. 

Prevost and Dumas, MM., on ferti- 
lizing power of spermatozoa, 751 note. 

Prichard, Dr., on varieties of man, 850 
Wile; on typical forms of skull, 854- 
857 ; on changes in domesticaW ani- 
mals, 861 note; on psychical confor- 
mity of human races, 863 ; on Celtic 


languages, 867 ; on somatic death, 900 
note. 

Priestley, Dr., on the gravid uterus, 
referred-to, 768 note. 

Prochaska, on reflex action, 525. 

Prout, Dr., his classification of alimentary 
substances, 83, 36 note; on secondary 
digestion, 125 ; on quantity of urine, 
402 ; on its specific gravity, 404. 

Purkinje, Prof., optical experiment of, 
658. 


Q. 

Quekett, Mr. J., on elastic tissue in 
fsBces, 104 note. 

Quetelet, M., on i-ate of respiration at 
different ages, 273 ; on influence of 
seasons on mortality, 442, 443 ; on 
length and weight of new-born infants, 
828, 829 ; on viability of male and 
female, 830 ; on relative heights and 
weights of male and female at different 
ages, 831. 

Quincke, on the structure of the ovary, 
754 note. 


R. 

Baciborski, M., on periodical discharge 
of ova, 759. 

Badcliffe, Dr. 0. B., on rhythmical mus- 
cular contraction, 217, 693 ; on the 
electrical phenomena presented by 
nerve and muscle, 476, 478, 491, 685; 
on muscular contraction, 680. 

Bainey, Mr. G., on structure of lungs, 
266 note. 

Banke, Prof. Von, on elimination of car- 
bonic acid in the fasting state, 294 ; 
his expel iments on nutiition, 330 ; on 
formation of urea in the system, 339 ; 
on excretion of uric acid, 409 ; on 
chemical composition of exhausted 
muscle, 677. 

Bansom, Dr., on rotation of yolk, 793. 

Bathke, Dr., on development, referred- 
to, 7 92 note; on development of venous 
system, 803. 

Bavitsch, on influence of section of pneu- 
mogastric and sympathetic nerves on 
stomach, 65 note^ 88. 

Bawitz, Dr., on components of fseces, 
104, 105. 

Bayer, M., on albuminous urine, 400 
note. 

Bedfem, Dr., on atrophy of cartilage, 
358. 

Bees, Dr. G. O., on red corpuscles of 
blood, 152 note; on pbosphorized fats 
of blood, 172 ; on composition of chyle 
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and lymph, 132 ; on urea in blood, 
400 note; on composition of milk, 
842. 

Kegistrar- General’s Report, on influence 
of cold on mortality, 443. 

Regnault and Reiset, MM., on absorp- 
tion and exhalation of nitrogen, 296. 

Reich, on phosphorized fats of blood, 
172. 

Reichert, on development of the egg, 
746; on the development of the guinea- 
pig, 792 note, 

Reid, Dr. John, on sense of hunger, 53; 
on nerves of deglutition, 63-66 ; on 
movements of stomach, 65 ; on resto- 
ration of digestion after section of 
pneumogastrics, 87 ; on influence of 
nerves on secretion, 88 ; on heart’s 
action in vacuo, 217 ; on re-excitement 
of heart’s action by relief of distension, 
223 ; on retardation of systemic cir- 
culation in asphyxia, 255 ; on function 
of pneuniogastric in respiration, 275, 
277; on laryngeal nerves, 278, 279; 
on results of section of pneumogastrics, 
281, 282 ; on asphyxia, 303 ; his case 
of hypertrophy of a limb, 349 note; 
on atrophy from disuse, 354 ; on struc- 
ture of medulla oblongata, 500 ; on 
functions of glosso-pharyngeal, 612, 
513 ; on nerves of taste, 513 ; on motor 
roots of pneumogastric, 514 ; on spinal 
accessory, 516, 517 ; on effects of 
exercise on the nutrition of muscle, 
679 ; on structure and connections of 
placenta, 772 ; on Eustachian valve, 
805. 

Reil, on nerves of internal senses, 678, 
588. 

Reinhardt, on colostric corpuscles, 838. 

Reiset, M. , on respiration, see Regnault. 

Remak, Dr., on influence of pneumogas- 
trics on stomach, 67 ; on the develop- 
ment of the vertebrata, 792 note; on 
structure of spleen, 136 note. 

Renz and Wolff, on appreciation of in- 
tensity of sound, 672. 

Retzius, Dr., on fat in urine after partu- 
rition, 778 note; on ethnology in con- 
nection with the form of the skull, 865 
note, 

Retzius, Prof., on variations in position 
of cerebellum, 569 note; on develop- 
ment of cerebrum, 823 note. 

Richardson, Dr. B. W., on the coagu- 
lation of the blood, 191. 

Richardson, Sir J., on arctic diet, 40 
note; on endurance of cold, 431 note. 

Eidard, M., on influence of emotions on 
nutrition, 743, 744. 

Risler, M., on the absorption of humus, 

8 . 

Ritchie, Dr., on evolution of ova, 757. 


Ritter, his law of muscular contraction, 
481. 

Roberton, Mr., on menstruation, 757 
note. 

Roberts, Mr., his apparatus for reading 
card in rapid motion, 653 note. 

Roberts, Dr. W., on influence of various 
reagents on blood-corpuscles, 154-168; 
on specific gravity of urine, 404 ; on 
acidity of urine, 414. 

Robin, M., on lymphatics and capillaries 
of the brain, 681 note; on decidua, 
768, 770. 

Robinson, Mr., his experiments on ab- 
sorption, 117, 118 ; on ofiusion of 
fibrin, 366; on albuminous urine, 400 
note. 

Roger, M., on temperature of infants, 
427-430. 

Rokitansky, Prof., on fatty degeneration, 
347 note; on inflammatory deposits, 
367. 

Rolando, M., his experiments on respi- 
ration, 299; on cerebellum, 564. 

Romberg, Dr., on nerves of taste, 513 
note. 

Roscoe, Dr., on composition of the air of 
London, 305. 

Rosenthal, on influence of pneumogastrics 
on respiration, 275 ; on inhibitory in- 
fluence of superior laryngeal nerves on 
respiratory acts, 279 ; on medulla 
oblongata, 500. 

Rostan, M., on starvation, 56. 

Rouget, M., on zo-amyline, 34, 389 ; on 
glycogcno, 393. 

Routh, Dr., on puerperal fever of Vienna, 
208 note. 

Ruge, on gases of large intestine, 107. 

Rttmmel, on excretion of urea, 407. 


B. 

Sadler, Mr., on proportion of sexes, 827, 
828. 

Salter, Dr. Hyde, on mode of termination 
of muscular fibre, 675 note. 

Sanders, Dr., on structure of spleen, 136 
note. 

Sanderson, Prof., case of, 616, 617. 

Sappey, M., on number of gastric folli- 
cles, 77; on accessory veneo portaruin, 
384. 

Saunders, Mr. E., on dentition, 891, 
892. 

Savory, Mr. W. S., on effects of non- 
azotized diet, 34, 324 ; on forces aiding 
the circulation ( f the blood, referred -to, 
256 note ; on development of muscu- 
lar fibre, 677 ; on effects of poisoning 
the foetus on mother, referr^-to, 774 
note. 
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Savart, M., on production of musical 
tones, 660. 

Scharling, Prof. , on excretion of carbonic 
acid from lungs, 291, 292 ; from skin, 

293 j on amount of carbon excreted, 

294 ; on extractive of urine, 406. 

Scheffer, on effects of deprivation of water, 

56. 

Scherer, Prof., on excretion of urea^ 407. 

Scherer and Neubauer, on the presence 
of xanthine in urine, 411. 

Schiff, Prof., on influence of sympathetic 
nerve on stomach, 66 ; on saliva, 76 ; 
on digestion of fat by pancreatic juice, 
97 ; on action of bile on involuntary 
muscle, 100 ; on effects of ligature of 
coronary arteries on heart, 216 ; on 
rhythmical contractions of heart, 217 ; 
on innervation of heart, 219 ; on 
effects of ligature of hepatic artery, 
384 ; on effects of various stimuli on 
motor nerves, 472 ; on course of 
sensory fibres in spinal cord, 620, 521 ; 
on sp^thesodic substance, 521 ; oi» 
kinesodic substance, 523 ; on lesion of 
tlialami optici, 548 ; on corpora striata, 
549 ; on crura cerebri, 649 ; on cere- 
bellum, 565 ; on nerves of taste, 618 
no^ey on muscular contraction, 686 ; 
on rhythmical movements, 688 note; 
on the sympathetic, 734. 

Schleisner, Dr., on sanitary condition 
of Iceland, 815 note. 

Schmidt, Dr., on presence of starch in 
test of tunicata, 387. 

Schmidt, on sugar in blood, 170; see 
Bidder and Schmidt. 

Schmidt and Kroger, on quantity of pan- 
creatic fluid, 95. 

Schneider, Dr., his case of electric dis- 
turbance, 448, 

Schonloiu, Prof., on amnion iaco- magne- 
sium phosphate in faeces, 105 note. 

Schottin, on solid matters of perspiration, 
421. 

Schreger, on absorption by cutaneous 
lymphatics, 124. 

Schroder, on presence of ova in the air, 
206. 

Schroeder Van der Kolk, Prof., on func- 
tions of olivary bodies, 501. 

Schron, on structure of ovary, referred- 
to, 764 note. 

Schultz, Prof. M., on the olfactory 
nerves, 624 ; on the structure of the 
cochlea, 663. 

Schuh, on deglutition, 61. 

Schunck, on colouiing matter of urine, 
411. 

Schwann, Prof., on tonicity of small 
arteries, 234 ; on division of bile-duct, 
100 . 


Scoutetten, on electricity of the blood, 
447. 

Sczelkow, on gases of blood, 174. 

Sedillot, on functions of pneumogastrics, 

88 . 

Seebeck, on appreciation of minute dif- 
ferences in pitch of sounds, 672. 

Seebeck and Wartmann, on Daltonism, 
655 note. 

Serre, Dr., on structure of retina, 638 
note; on centre of visual direction, 642 
note; on phosphines, 657. 

Serres, M., on comparative anatomy of 
cerebellum, 663 note; on its pathology, 
572. 

Setschenow, on gases of blood, 172- 
174 ; on gases of blood in asphyxia, 

302. 

Sharpey, Prof., on structure of muscular 
fibre, 676 ; on formation of decidua, 
769, 770 note. 

Shearman, Dr., his case of uraemia, 401. 

Sibson, Dr., on mechanism of respiration, 
283 note. 

Silvester, Dr. H. R., his mode of artifi- 
cial respiration for the asphyxiated, 

303. 

Simon, Dr., on composition of blood, 
168 ; on composition of meconium, 
386 ; on variations in urine, 405 ; on 
variations in milk, 840 ; on milk of 
different animals, 843. 

Simon, Mr., on coagulation of blood in 
the vessels, 193 ; on thymus gland, 
142 ; on cancerous cachexia, 318 7iote, 
371 note. 

Simpson, Dr., on pathology of cerebel- 
lum, 672 note. 

Simpson, Prof., on analogy between 
puerperal and surgical fever, 208 ; on 
regeneration of limbs, 355, 356 ; on 
parturition, 780 note ; on herma- 
phrodism, 814 note. 

Sion, Dr., his case of fat in the blood, 
184. 

Skrebitzki, on action of pancreatic juice, 
97. 

Sloan, Dr., his case of abstinence, 59. 

Smith, Dr. Andrew, on Bushmen, 875. 

Smith, Dr. Angus, on the air of Man- 
chester, 207, 305. 

Smith, Dr. Edward, on elimination of 
alcohol, 60 ; on effects of coffee, 52 ; 
on quantity of faeces, 105 ; on circum- 
stances affecting the rapidity of the 
pulse, 227-229 ; on quantity of air re- 
spired per diem, 285, 286 ; on amount 
of carbonic acid eliminated per diem, 
288 ; on circumstances affecting the 
quantity of carbonic acid eliminated, 
289-292, 297 ; on elimination of car- 
bonic acid by lungs and skin, 293 ; on 
effects of season on flow of urine, 403 ; 
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on quantity of urea, 407 ; on influence 
of tea and coffee on urine, 416. 

Smith, Dr. F. G., on acid of gastric juice, 
80 ; on temperature of stomach during 
digestion, 86 ; on conversion of starch 
into sugar in stomach, 91. 

Smith, Dr. Southwood, on cutaneous ab- 
sorption, 122 ; on cutaneous transpira- 
tion, 422, 423. 

Smith, Dr. Tyler, on cause of parturition, 
780 note. 

Smith, Mr. R. A., on pulmonary exhala- 
tion, 297. 

Smith, Mr. Richard, on metallic tractors, 
744 note. 

Snellen, on effects of section of the sym- 
pathetic upon reparative processes, 
733. 

Snow, Dr., his experiments on respira- 
tion, 287. 

Solger, on cooling of muscle at com- 
mencement of contraction, G82. 

Solly, Mr. S., on medulla oblongata, 502 ; 
on optic chiasma, 542 note. 

Spallanzani, on respiration in hydrogen, 
295 ; on fertilizing power of sperma- 
tozoa, 751 note. 

Spencer, Dari, his cases of protracted 
gestation, 780, 783. 

Stackinan, on quantity of bile, 100. 

Stadeler, on carbonaceous acids of urinary 
extractive, 305 note^ 411. 

Stein ha user, his case of artiflcial anus, 
104. 

Steinheil, on perceptibility of different 
degrees of illumination, 659. 

Stilling, on structure of spinal cord, 497 ; 
on mode of termination of gustatory 
nerves, 620. 

Stokes, Dr., on evolution of light, 445 ; 
on muscular contraction, 686. 

Stokvis, on formation of urea within the 
body, 339; on presence of sugar in 
fcetal liver, 388 ; on effects of oleaginous 
food on glycogeny, 390. 

Strecker, on choline, 384. 

Symonds, Dr., on death, referred-to, 904 
note. 

Szukitz, on date of appearance of cata- 
menia, 757. 

T. 

Tanner, Dr., on a case of superfoetation, 
784 note. 

Tanquerel, M., on lead poisoning, 204 
note. 

Taylor, Dr. A., on poisonous change in 
meat, 47 note; on protracted gestetion, 
referred-to, 782 ; on middle point of 
foetus, 884 note. 

Teichmann, on the lymphatics of the 
stomach, 79 ; on the lymphatic sys- 


tem, 127 ; on the villi, 110; on 
h»min crystals, 156 ; on lymphatics 
of liver, 881, 882. 

Tessier, M., his oases of protracted gesta- 
tion, 782. 

Thackrah, Mr., on coagulation of blood 
in the vessels, 192 ; on proportions of 
clot and serum, 194. 

Theile, Prof., on hypospadias, 813 note. 

Thiernesse and v. Kempen, on union of 
motor with sensory nerves, 514. 

Thomson, Prof. A., on focal adjustment 
of the eye, 630 note ; on double mon- 
strosity, 351 note ; on structure of the 
egg of fowl as compared with that of 
mammal, 756 ; on use of micropyle, 
766 ; on development of embryo, 792 
note. 

Thomson, Dr. Murray, on cutaneous ab- 
sorption, 123, 124. 

Thompson, Dr. R. D., on milky serum, 
169. 

Thudicum, Dr. J. L. W., on urine, 403, 
409 note; on liippuric acid, 410. 

Tlmry, M. Marc, on the cause of diffe- 
j’ence of sex, 827. 

Tiedemann and Ginelin, MM., on action 
of bile in digestion, 99 ; their experi- 
ments on absorption, 118. 

Tod, Mr., on duration of irritability of 
heart, 216. 

Todd, Dr., on artificial epilepsy, 550 ; 
oil commissures of cerebrum, 579 ; see 
Todd and Bowman. 

Todd and Bowman, on structure of 
mucous membrane of stomach, 77, 78; 
on structure of s])inal cord, 497 ; on 
nerves of taste, 513 note; on peculiar 
excitability of frog, 524 note ; on mus- 
cular tension, 537 ; on corpora striata 
and tbalami optici, 539 ; on papillae of 
tongue, 618, 620; on olfactory nerve, 
624 ; on adaptation of eye to distances, 
630 note. 

Tomes, Mr., on removal of bone by ab- 
sorption, 344, 345. 

Tommasi, Prof., on influence of altitude 
on pulse, 229. 

Tomsa, on lymph, 126, 135. 

Towne, Mr., on the stereoscope, 543, 
647 note ; on partial amaurosis of the 
retina, referred-to, 643 note. 

Townsend, Col., case of, 904. 

Toynbee, Mr,, on structure of kidney, 
referred-to, 394 note; on membrana 
tyinpani and its muscles, 666-608. 

Traill, Dr., on fat in the blood, 184. 

Treviranus, Prof., on oomplemental nutri- 
tion, 200, 201, 

Trousseau, M., on suspended lactation, 
886 note. 

Turok, Dr., on pathological changes in 
spinal cord, 499. 
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A. 

Aberration, chromatic and spherical, 628. 
Abortion, 780. 

1, formation of, 368. 

Absorbent Cells, 112, 113. 

Glandulffi, 125-131. 

Vessels, 110, 126 ; see Lacteah 
and Lymphatics. 

Absorption, general nature of the func- 
tion, 115-118. 

From Alimentary Canals by Blood- 
vessels, 113, 115-118 ; circum- 

stances aifecting rate of, 118-120 ; 
by Lacteals, 112, 119, 120. 

From Body in general^ by Lymphatics, 
109, 121-124, 125 ; by Sanguiferous 
system, by lungs, 296, 297. 

Of Albumen, 119; of Fats, 120. 

Of Vapours, 122. 

Of effete Tissues, 342-348. 

Abstinence from Food, duration of life 
under, 58, 59. 

Acardiac Foetus, movement of blood in, 
251, 252. 

Accessory Nerve, origin of, 503, 504, 
516; functions of, 514-517. 
Accommodation of the Eye, phenomena 
accompanying, 629-631 ; action of 
ciliaiy muscle in, 631, 632 ; time re- 
quired for, 632. 

Acidity of Gastric Juice, cause of, 80, 81. 

of Urine, causes of, 414. 

Acoustics, theory of, 661. 

Adaptation of the Eye to objects at 
different distances, 620''632. 

Adhesion, reparation of wounds by, 356, 
857; secondary, 857, 358. 
Adolescence, characteristics of, 893, 
894. 

.ffisthesodic substance, 521. 

Afferent nerve-fibi’es, 449, 464, 469. 
African Races, 868, 872-876. 

After sensations, 613, 628, 658. 

Age, influence of, on composition of blood, 
168; on rate of pulse, 226 ; on excre- 
tion of carbonic acid, 289; on nutritive 


activity, 348; on excretion of urea, 407 ; 
on power of calorification, 427, 441, 
442 ; on rate of growth, 831 ; on rate 
of mortality, 829, 830 ; on demand for 
food, 888. 

Ages, different, characfteristics of, 881- 
883 ; foetal life, 883-885 ; infancy, 885- 
887; childhood, 887-892 ; youth, 893; 
adolescence, 893-896; maturity, 896, 
897 ; decline, 897, 898 ; old age, 899. 

Air, composition of, 287 note ; effects of 
rarefaction of on Man, 288 ; altera- 
tions in, by Respiration, 287 (see 
Respiration); effects of breathing 
impure, 300-317. 

Air-cells of the Lungs, 267. 

Air-sacs of the Lungs, 266, 267. 

Albinoism, 851. 

Albumen, feeble dialysing power of, 118; 
assimilation of, 119 ; normal propor- 
tion of, in Blood, 166 ; variations of, 
in disease, 183, 184; uses of, 35, 335; 
transudation of, 366, 399 ; conversion 
of, into fat, 340. 

Albuminose, 91, 92 ; see Peptone. 

Albuminous constituents of food, 35, 36, 
42 ; importance of admixture of, with 
oil and starch, 42, 43 ; digestion of, 
82, 83, 91-93 ; influence of, on excre- 
tion of urea, 50, 338, 408 ; meta- 
morphosis of, in the body, 336. 

Albuminuria, 36, 399. 

Alcohol, injurious results of habitual use 
of, 49, 50; rapid absorption of, 114; 
its tendency to produce fatty degenera- 
tion, 346, 347 ; on kidney, 417 ; use 
of, in fever, 425. 

Alfourou Race, 879. 

Aliment, see Bood. 

Alimentary Canal, development of, 796, 
806, 807. 

Alkalies, effect of, on urine, 417. 

Alkaline Phosphates, in blood, 167, 342 ; 
in urine, 406-412. 

Sulphates, in urine, 412. 

Alkalinity of Blood, importance of, 342. 

of Urine, causes of, 414, 415. 
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AllantoiB, deyelopment and uses of, 800, 
801. 

American Race, 876. 

Amnion, development of, 796, 796 ; 
liquor of, 801. 

Amphioxus, nervous system of, 459. 

Amylaceous substances, digestion of, 
35, 91. 

Amyloid substance of the liver, 387, 
392 ; see Olycogeny. 

Analgesia, 630. 

Andaman Isles, Mincopie Race of, 879 
note, 

Ansemia, state of blood in, 171. 

Anelectrotonus, 485 ; extrapolar centri- 
fugal, 489 ; extrapolar centripetal, 490. 

Ancon breed of sheep, 860 note. 

Animal Heat, 426 ; see Heat, Animal. 

Antiperistaltic action, nature of, 64. 

Aorta, development of, 796, 797, 802, 
803. 

Aphides, multiplication of, 5. 

Aplastic Exudations, 369, 370. 

Apoplexy, predisposition to, 182. 

Apparent Death, 904-906. 

Apyrenaemata, 153. 

Arab Race, 868. 

Arciform fibres of Medulla Oblongata, 
602. 

Archencephala, 17. 

Area Germinativa, 794. 

Pellucida, 794. 

Vascular, 797. 

Arian Race, 866, 867. 

Arrest of Development, 320 j of circu- 
lating apparatus, 803 ; of sexual 
organs, 813, 814; of the sternum, 816; 
of visceral arches of face, 820. 

Arsenic, elimination of, from body, 204. 

Arseniuretted Hydrogen, action of, on 
Blood, 204 note. 

Arterial Blood, differential characters of, 
171-177 ; cause of colour of, 177 ; 
absence of, a cause of muscular con- 
traction, 217, 693. 

System, first development of, 796- 

800; subsequent changes in, 802-804. 

Arteries, movement of Blood in, 229- 
246 ; diameter of, 235 ; properties of 
coats of, 230-233 ; irritability of, 231, 
232 ; influence of electrical and other 
stimuli upon, 231, 232 ; influence of 
nerves upon, 232 ; tonicity of, 233, 234 ; 
elasticity of, 234 ; pulsation of, 235- 
240 ; lateral pressure of blood in, 240- 
244 ; rate of movement of blood in, 
244, 245. 

Arthritic diathesis, 42, 43. 

Articulate Sounds, production of, 722- 
727 ; vowels, 661, 723-725 ; con- 
sonants, 725-727. 

Aiytenoid Cartilages, 711 ; movements 
of, 711-715. 


Asphyxia, patholo^ of, 300-804; in 
relation to capillary circulation, 263- 
255; death by, 299-302, 902, 908; 
imperfect closure of tricuspid valve in, 
222 ; increased pressure within sys- 
temic arteries in, 26 4 ; gases contained 
in the blood in, 802 ; length of time 
required to produce fatal, 301. 

; — , Cutaneous, 424, 486. 

Assimilation, 126 ; performed by Liver, 
882, 392 ; by Absorbent system, 129, 
133 J by Vascular glands, 144-146, 
179. 

Associated movements, 697, 704. 

Asthenia, death by, 902. 

Asthma, spasmodic contraction of bron- 
chial tubes in, 269. 

Astigmatism, 628. 

Atavism, 786. 

Atlantidse, 868. 

Atrophy, 352-364. 

Atropine, effect of solution of, on the 
Eye, 634. 

Attention, effect of, on acuteness of 
Touch, 615, 616 ; on Taste, 021-623 ; 
on Smell, 626 ; on Vision, 658 ; on 
Hearing, 672. 

Expectant, production of 

Movements hy, 735 ; influence of, on 
Organic functions, 743-74.5. 

Auditory Ganglia, 505, 538. 

Nerves, 643 ; ultimate dis- 
tribution of, 662, 663 ; effects of sec- 
tion of, 547. 

Automatic activity of Spinal Cord, 534 
636 ; of Sensory Ganglia, 651-664. 

Axile bodies, of tactile papillre, 608, 
609. 

Axis, Spinal, 492-507. 

Azygos Veins, 804. 


B. 

Balance of vital economy, 824-348 ; see 
Vital Economy. 

Baltimore, Cholera at, 310-312. 

Barrackpore, mortality of troops at, 814. 

Basque Race, 867. 

Beer, as a beverage, 49. 

Bellary, Cholera at, 308. 

Berber Race, 869. 

Bile, secretion of, by hepatic cells, 881, 
382 ; from venous blood, 379 ; excre- 
mentitious character of, 873, 886 ; 
partly fonned from products of disinte- 
gration, 384, 385 ; partly from newly- 
absorbed materials, 386, 387 ; its rela- 
tion to albuminous compounds, 885 
note ; vicarious secretion of, 373, 876 ; 
composition of, 882, 388 ; quantity of, 
100, 101 ; its uses in digestion, 98-100 ; 
aids the absorption of fat, 99 ; anti- 
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geptio properties of, 99 ; its re-absorp- 
tion from intestine, 107, 334, ^%^note; 
its presence in faeces, 107, 886 note. 

Bile-pigment, 888 ; its passage into 
urine, 376. 

Biliary cells, 881. 

resin, 388. 

Bilifulvine, 383. 

Biliverdine, 385. 

Blastodermic Membrane, 790. 

• Vesicle, 794. 

Blind persons, acuteness of touch in, 
616 ; improvement of hearing in, 672. 

Blood, general character and purposes 
of, 147 ; quantity of, 148, 149 ; 
urea in, 148, 180 ; temperature of, 
in various parts, 160 ; crystals of, 
155, 156 j pneumatology of, 172- 
175. 

Composition of, in Health, 157, 158, 
165-168 ; modification of, by age, 
168 ; by sex, 168, 169 ; by food and 
drink, 169,170; hyloss of blood, 171; 
differences of Arterial and Venous, 
171, 177 ; peculiarities of portal 
blood, 177, 1 78 ; of mesenteric blood, 
178 ; of splenic blood, 145, 179 ; of 
hepatic vein, 179 ; of renal vein, 
180, 415, 416.^ 

Composition of in Disease, 180-185 ; 
increase of fibrin, 181 ; diminution 
of fibrin, 182 ; increase of red cor- 
puscles, 182 ; diminution of red 
corpuscles, 183 ; increase of colour- 
less corpuscles, 183 ; diminution of 
albumen, 183, 184 ; increase of 
fatty matter, 184 ; altered propor- 
tion of salts, 185 ; of water, 185 ; 
presence of poisons in, 185, 200, 
203-213. 

Corpuscles of Red; form, size, and 
aspect of, 152-155 ; composition of, 
155 ; influence of reagents on, 158 ; 
tendency to aggregation of, 159 ; 
production and disintegration of, 
162-165 ; embryonic development 
of, 163, 164 ; subsequent develop- 
ment of, from lymph- corpuscles, 163, 
164 ; change of colour in, by respi- 
ration, 177 ; their uses, 198 ; varia- 
tions in amount of, in disease, 182 ; 
destruction of^ 162 ; mutual attrac- 
tion of, in coagulation, 187, 195 ; 
adhesion of, to walls of vessels, 254. 
Corpuscles of Colourless; form, size, 
and aspect of, 159, 160 ; peculiar 
movement of, in capillaries, 160 ; 
change of form of, 161 ; numerical 
proportion of, to r^, 161 ; develop- 
ment of, into red, 162-166 ; their 
uses, 198, 199 ; their variations in 
number, 161, 179 ; multiplication 
of, in disease, 183. 


Pressure of against arteries, 248, 244. 
Properties of Physical, 150. 

Properties of Vital, 185, 186 ; coagu- 
lation of (see Coagulation), 186-19^7 ; 
uses of fibrin of, 197 ; uses of cor- 
puscles of, 197-199 ; uses of albumen 
of, 335 ; uses of fatty matter of, 
341 ; uses of inorganic components 
of, 342 ; purification of, by excre- 
tory processes, 842 ; composition of, 
determines modes of nutrition, 200- 
205, 318 ; Lifeof, 203, 213 ; self-main- 
taining power of, 203, 205 ; elimina- 
tion of poisons from, 204-206 ; con- 
tamination of, by morbid poisons, 
207-213. 

Rate of Propulsion of, by heart, 244, 
245 ; rate of movement of, through 
arteries, 245 ; through capillaries, 
249 ; through veins, 257. 

Blood-vessels, Absorption by, from ali- 
mentary canal, 114, 115 ; from body 
in general, 118-120 ; influence of state 
of, on coagulation of contained blood, 
192, 193 ; see Arteries, Capillaries, 
Veins. 

Blood-relations, effects of marriage of, 
786. 

Bone, degeneration and regeneration of, 
344, 345. 

Brachy-cephali, 865 note. 

Brain, of Man, compared with that of 
Apes, 29 ; see Cerebrum, Cerebellum, 
and Sensory Ganglia. 

Branchial Arches, 796, 797, 802, 803. 

Bread, bad economy of exclusive diet of, 
38, 39. 

Breeds of Animals, origination of new, 
860. 

Bright’s disease of Kidney, 399, 400 ; 
state of blood in, 183. 

Bronchial tubes, contractility of, 268, 269. 

Bronzing of the Skin, 141. 

Brunner’s Glands, 97, 102. 

Buffy Coat of blood, 195, 196. 

Bulbus arteriosus, 799. 

Bushmen, of Southern Africa, 859, 875. 


C. 

Calabar bean, effect of solution of, on 
eye, 634. 

Calcutt^ black hole of, 304. 

Calorifying Power, sources of, 436-441 ; 
see Heat. 

Calory, or Unit of Heat, 437. 

Cancerous growths, 318 note, 371. 

Capacity for progress, a characteristic of 
Man, 82. 

Capillaries, structure of, 246, 247 ; dia- 
meter of, 247 ; arrangement of, 247 
rate of movement of blood through, 
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249 ; its variations, 250-253 ; its in- 
dependence of heart’s action, 250 - 
252 ; its regulation by conditions ope- 
luting in capillaries themselves, 251- 
257 ; influence of nervous system on, 
256 ; influence of shock on, 256. 

Carbonic Add, in Blood, 172-175 ; in 
arterial blood, 174 ; in venouS blood, 
174 ; sources of production of, in 
system, 263, 266 ; its exchange for 
oxygen in respiration, 287 ; circum- 
stances affecting quantity generated, 
288-293; extrication of, from skin, 
293-296 ; elimination of, in atmo- 
sphere of nitrogen or hydrogen, 29. 

Caput cornu of the grey substance of the 
spinal cord, 494. 

Cardiac plexus of Sympathetic, 730. 

Cardiometer, 243. 

Carnivorous animals, excretions of, 333. 

Casein of Milk, 839. 

Castration, influence of, on growth of hair 
and horns, 202. 

Catalepsy, cases of, 905. 

Cathelectrotonus, 485, 486 ; extrapolar 
centripetal, 487 ; extrapolar centri- 
fugal, 490. 

Caucasian Race, 865, 866 ; variety of 
colour in, 852. 

Celtic Race, 867. 

Cephalic Ganglia of Invertebrata, 452, 
545. 

Nerves, general character and 

relations of, 518, 519. 

Cerehellum, peculiar to Vertebrata, 460, 

562 ; structure and relations of, 662, 

563 ; relative development of, in dif- 
ferent animals, 663 ; results of experi- 
ments on, 564 ; pathological ])heno- 
mena of, 566, 567 ; functions of, 567- 
674. 

Cerebro-spinal fluid, 581. 

Cerebro- Spinal System, see Nervous Sys- 
tem, Ccrehellnm, Cerebrum, Medulla 
Oblongata, Sensory Ganglia, Spinal 
Cord. 

Cerebrum, peculiar to Vertebrata, 459, 
575 ; its inferiority in lower Verte- 
brata, 575 ; its relative size in dif- 
ferent animals, 680 ; its vast pre- 
dominance in Man, 674, 577 ; varia- 
tions of size in him, 580 ; its structure, 
575-679 ; cortical substance, 676 ; 
medullary substance, 576, 677; its 
radiating fibres, 578 ; its commis- 
sures, 578, 679 ; its weight, 580 ; its 
supply of blood, 580, 681 ; lym- 
phatics of, 681 no/e; development 
of, 821-823. 

Fun^ions of, 682, 589 ; its relation to 
Intelligence as contrasted with In- 
stinct, 582, 683 ; effects of its re- 
moval, 545, 546, 686 ; information 


deducible from its pathology, 687 ; 
its functional connection wi& Sen- 
sory Ganglia, 587, 688. 

Cervix cornu of the grey substance of the 
spinal cord, 494. 

ChalazfiB, 755. 

Change of matter required for perform- 
ance of Oiganic functions, 324-342. 

Childhood, characteristics of, 887-892 ; 
diseases of, 887-890. 

Chimpanzee, comparison of, with Man, 
19-29. 

Chloride of Sodium, in blood, 167; in 
urine, 406, 413. 

Chlorosis, state of blood in, 182, 188 ; 
treatment of, 183 note. 

Chorda dorsalis, 814. 

Cholera, state of blood in, 182, 185 ; in- 
fluence of putrescent food in develop- 
ing, 48 note; influence of imperfect 
respiration in developing, 805-318 ; 
thirst of, relieved by saline injections, 
54. 

Cholesterin in Bile, 383, 385 ; in Blond, 
166 ; increase of, in old persons, 203. 

Cholic and Choleic Acids, 383. 

Choline, 384. 

Chord® Vocales, regulation of their ten- 
sion, 711-713; nature of their action, 
713-720. 

Chorion, formation of, 767; tufts of, 
770, 771. 

Chromatic Aberration, 628. 

Chyle, composition of, 131, 132; micro- 
scopic characters of, 133, 134 ; assi- 
milation of, 126; quantity of, 134. 

Chyme, formation of, by digestive procesH, 
88-93. 

Cicatricula, 755. 

Cicatrization, process of, 356-361. 

Ciliary ganglion, .509, 731. 

muscle, f^unction of, 631. 

CincuuATFON, 214 ; general plan of, 214 
216 ; action of Heart in, 216-229 
(see J/eart) ; action of Arteries in, 
229, 246 (see Arteries); action of 
Capillaries in, 246-257 (see Capilla- 
ries) ; action of Veins in, 2.57-260 
(see Veins). 

Peculiarity of, in Cranium, 260, 681 ; 

in Erectile tissues, 262, 

In Foetus, early type of, 796-801 ; 
changes in plan of, 802-804 ; plan 
of, in mature foetus, 804-806. 

Civilization, influence of, on form of skull, 
857, 858 ; on body in general, 868, 859. 

Claremont, lead-poisoning at, 48. 

Cloaca, 810, 812. 

Coagubible Lymph, effused for repara- 
tion, 357; in inflammation, 360-368. 

Coagulation of Blood, 186 ; essentially 
due to solidification of fibrin, 187 ; an 
act of vitality, 191 ; occasional defi- 

3 0 
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ciency of, 189 ; retardation of, 190, 
191 ; effect of external influences on, 
189-191 ; influence of rest, 190 ; influ- 
ence of warmth, 190 ; effect of neutral 
salts, 191 ; effect of exclus'on of at- 
mosphere, 190; elimination of ammonia 
during, 191; influence of depressed 
vitality or death of vessels, 192 ; 
influence of admixture of dead matter, 
193; varying proportions of serum and 
clot, 19*4 ; formation of huffy coat in, 
195. 

Cochlea, structure of, 662, 663; functions 
of, 669, 670. 

Cochlear nerve, distribution of, 630, 631. 

Coeliac ganglia, effects of extirpation of, 

88 . 

Coffee, composition of, 62 ; effects of use 
of, 62, 416. 

Coition, share of Male in, 762, 753 ; of 
Female, 760, 761. 

Cold, influence of, on tonicity of arteries, 
234 ; power of resisting, variation of, 
with age, 427 ; power of generating, 
443 ; death by, 434, 903. 

Colloids, properties of, 118, 119. 

Colon, use of sacculi of, 69. 

Colostrum, 838, 839, 841. 

Colour of Mood, changes of, 176, 177. 

of Skin, variation of, in Man, 
851-863. 

Colours, want of power to discriminate, 
654, 666, 670 ; production of comple- 
mentary, 653, 654 ; modification of, 
by juxtaposition, 654. 

Colourless corpuscles, 159 ; see Blood, 

Commissures of Cerebrum, 678, 579. 

Complemental Nutrition, doctrine of, 201, 

202 . 

Complementary Colours, 653, 654., 

Conception, act of, 776. 

Conduction of sonorous vibrations, 664, 

666 . 

Congestion, predisposition to, 182; venous, 
causes of, 269, 260. 

Conia, action of, on motor nerves, 689. 

Connective tissues, 248. 

Consciousness, seat of, in Sensory Gan- 
glia, 660, 561, 687-689. 

Conversions of J^lief, 661, 662. 

Co-ordination of Movements, the proba- 
ble function of the Cerebellum, 667 ; 
influence of habit oh, 696. 

Cord, Spinal, structure of, 492-507 ; 
functions of, 6 1.9-638 ; see Spincd Axis. 

Coronary Arteries of Heart, effects of 
ligature of, 216. 

Corpora Amylaoea, 34, 393. 

Malpighianai of Kidney, 394- 

897 ; their uses, 398 ; of Spleen, 137, 
138 ; uses of, 146. 

OUvaria, 601-606. 

Pyramidalia, 601, 


Corpora Quadrigemina, 538 ; their func- 
tions, 646, 547. 

• Restiformia, 502. 

Striata, 638, 639 ; functions of, 

648, 649 ; connection of, with Cere- 
brum, 576, 677. 

Wolffiana, 809, 810. 

Corpus Callosum, 678, 679 ; cases of de- 
ficiency of, 679 note, 

• Dentatum, 501. 

Luteum, formation of, 761-764. 

Corpuscles of Mood, red, 152; white, 
159 ; see Blood. 

of Chyle, 132, 133; their trans- 
formation into blood-corpuscles, 164, 
165. 

Correlation of force, doctrine of, 14 note. 

Coughing, act of, 281. 

Cranial vei*tebi‘EB, 817. 

Cranio-Spinal Axis, the fundamental por- 
tion of the Cerebro-Spinal System, 458, 
459 ; development of, 821 ; see Medulla 
Oblongata and Spinal Cord. 

Cranium of Man, compared with that of 
Apes, 21-25, 29-30 ; different forms 
of, 854, 858 ; peculiarity of circulation 
in, 262, 680, 681. 

Crassamentum, 187, 195 ; proportion of, 
to serum, 194. 

Creatine and Creatinine, components of 
blood, 167, 340; of urine, 410, 411. 

Critical evacuations, 418. 

Crura Cerebri, motor and sensory tracts 
of, 607 ; effects of section of, 549. 

Crying, act of, 280. 

Crystals of Blood, 155, 156. 

Crystalloids, properties of, 118. 

Curara, its effects on muscles, 689; see 
Woorara. 

Cutaneous Asphyxia, 424, 436. 

Respiration, 293. 

Transpiration, 420-423 ; see 

Sudoriparous Excretion, 

Cysts, piliferous and dentigerous, 351. 


D. 

Daltonism, 655. 

Deaf and Dumb, 656, 722. 

Deathy the necessary consummation of 
Life, 882, 900; somatic, 901-903; 
molecular, 903, 904; apparent and 
real, 904-906 ; signs of, 906, 906. 

Decidua, formation of, 767-770 ; its 
share in formation of placenta, 770- 
772. 

Decline, period of, 897, 898. , 

Defecation, act of, 70, 631. 

Degeneration, continual, of living tissues, 
320-324 ; of muscle, 343, 353 ; of 
bone, 343-846 ; of teeth, 847 ; in- 
creased tendency to, in in^mmation, 
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862, 363 ; of lymph and its products, 
366, 367. 

Degmeratimf Calcareous, 898. 

Fatty, 346-347 ; favoured 

by habitual use of alcoholic liquors, 
49, 60, 346, 347 ; tendency to, during 
period of decline, 898 ; of Uterus, 346, 
778. 

Deglutition, act of, 61, 62 ; nerves of, 
63, 64. 

Dentition, first, 886, 887 ,* second, 890- 
892. 

Determinations of Blood, local, causes of, 
252, 253. 

Deutencephalon, development of, 822. 

Devclopmenty a source of demand for nu- 
trition, 319, 320 ; its difference from 
growth, 320 ; arrest of, 320, 803, 813, 
814, 820 ; period of, 883-896. 

Development of EmhryOy general plan of, 
789, 792; earliest stages of, 792, 793; 
segmentation of yolk, 793 ; rotation of 
yolk, 793 ; formation of Blastodermic 
vesicle, 794 ; foundation of Vertebral 
column and Nervous centres, 794-796 ; 
development of Amnion, 795, 801; 
first appearance of Vessels, 796, 797; 
Vitelline vessels, 797 ; Umbilical ves- 
sels, 797 ; Hepatic vessels, 797, 798 ; 
Ductus venosus, 798 ; Heart and Arte- 
rial system, 799, 804-806 ; Allantois, 
800; Venous system, 803, 804; Ali- 
mentary canal, 806, 807 ; Liver, 807 ; 
Spleen and other vascular gland*?, 139- 
146 ; Lungs, 808, 809 ; Urinary 

organs, 809-811 ; Generative appa- 
ratus, 811, 814 ; Mammary gland, 
835 ; Skeleton, 814-821 ; Vertebral 
column, 814-816; Skull, 817-821; 
Nervous centres, 821-823 ; Cephalic 
nerves, 451, 619, 620 ; Eye and Ear, 
823-826 ; organ of Smell, 826, 827 ; 
of the Extremities, 827. 

Dichrotous Pulse, 238-240. 

Diety Animal, 39 ; Vegetable, 39 ; mixed, 
39 ; of trainers, 46 ; different scales of, 
43-45 ; influence of, on com]K)sition of 
Blood, 170; on Respiration, 290; on 
Excretion generally, 331, 333 ; on 
composition of Urine, 408. 

Digestion : 

Bnccaly 71, 74, 75. 

OastriCy a process of chemical solution, 
88 ; time required for, 89, 90 ; li- 
mited action on azotized sulDstances, 
91, 93 ; influence of various con- 
ditions on, 93, 

Infestinaly influence of pancreatic fluid 
in, 93-98 ; of bile in, 98-101 ; of 
suocuB entericus, 102-104 ; its uni- 
versal efficacy, 102, 103. 

Digitalis, action of, on heart, 229 note. 

Dingo, Australian, breeding of, 860 note. 


Direction of sounds, judgment of; 671 . 
Direction, visual sense of, 641, 642, 657, 
— ^ Centre of, 657. 

Discus proligerus, 764. 

Disdiaclasts, 676. 

Disintegration of Tissues, see Degme- 
ration. 


Distancte, adaptation of eye to, 629-632; 
visual appreciation of, 644, 647-660; 
auditory appreciation of, 671, 672. ’ 

Diuretics, effect of, on urine, 417, 418. 
Diurnal Variation, of pulse, 228 ; of re- 
spiration, 292 ; of temperature, 427. 
428. 


Dolicho-cephali, 865. 

Dormant Vitality, 2 note. 

Double Monstem, 351, 883. 

Dreaming, 598, 601. 

Dublin Lying-in Hospital, mortality in, 


Drink, water the natural, 48.; influence 
of, on composition of blood, 170 ; 
effects of Alcoholic, 49, 60, 346, 347, 

Ductless Glands, structure and functions 
of, 136-146. 

Ductus Arteriosus, 803, 805. 

Cuvieri, 804. 

. Venosus, 798. 

Duration, relative, of different parts of 
the Organism, 342-345 ; of after sen- 
sations, 613, 623, 627, 653, 600. 

Duverney’s Glands, 7 CO note. 


E. 

Ear, external, 670 ; internal, 602, 063, 
668, 670 ; development of, 825, 826 ; 
see Hearing, Organ of. 

Earthy Phosphates in urine, 405, 412. 

Economy, balance of vital, 324 ; see 
Vital Economy. 

Efferent nerve-fibres, 449, 463, 464, 467. 

Egesta, chemical composition of, for one 
day, 326 ; relative proportion of, dis- 
charged by different excretory organs, 
327. 

Ejaculatio Seminis, 753 ; its independ- 
ence of sensation, 532, 534. 

Elasticity of Arteries, 260; of Veins, 257; 
of Lungs, 269; of walls of Chest, 272. 

Election, seats of, 200. 

Electridiy, Evolution of, in living body, 
446, 447 ; connection of, with nutritive 
and secretory operations, 447; Muscu- 
lar current of, 683, 684 ; disturbance 
of, in muscular contraction, 684, 685 ; 
Nervous current of, 475-480 ; dis- 
turbance of, in nervous action, 478. 

Influence of, on coagulation of 

blood, 189 ; on action of heart, 218 ; 
on arteries, 232 ; on metocephale, 550 ; 
on nerves of special sense, 607. 

3 o 2 
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Embryo, ^development of, see Develojp^ 
7nent, 

Embryonic life, peculiarities of, 882, 888. 

Emmetropia, 632. 

Emotions, excitation of, by muscular sug- 
gestion, 602, 603 ; their action on 
organic functions, 786 ; influence of, 
on stammering, 728. 

Endosmometer, 116. 

Enteric fluid, digestive power of, 102, 


Epencephalon, development of, 822, 823. 
Epidemic Diseases, predisposition to, in 
state of Blood, 207, 208 ; from pu- 
trescent food, 46, 48 ; from putrescent 
water, 48, 49 ; from alcoholic liquors, 
49, 60 ; from starvation, 67 ; from in- 
sufficient respiration, 304, 317. 
Epithelial cells of Villi, 112, 113 note, 

— tissues, exuviation and replace- 
ment of, 343, 856. * 

Erectile tissues, circulation in, 262. 
Erection, nerves influencing, 262, 263. 
Erect Vision, cause of, 641, 642. 
Esquimaux Kace, 876, 877 ; pyramidal 
skull of, 865, 856. 

Ethiopian Race, 872-874. 

European Nations, 866-869. 

Euakarian Language, 867. 

Eustachian Tube, functions of, 667. 

-Valve, uses of, 805. 

ExcitO' Motor Actions of Spinal Axis, 
524-530 ; their independence of sen- 
sation, 624-528 ; their adaptive charac- 
ter, 629 ; their relation to the Organic 
functions, 530-532 ; their subservience 
to locomotion, 534, 535 ; their estab- 
lishment by habit, 536, 

Excretion, general nature of, 371 ; 
sources of demand for, 372, 373 ; statics 
of, 371-376 ; complementary relation 
of diflierent modes of, 873 ; vicarious 
forms of, 375, 376. 

^Excretion, composition of, 106. 

Exercise, influence of, on excretion of 
carbonic acid, 291 ; on composition of 
urine, 408 ; on temperature of body. 


Exhalation of aqueous vapour, from 
Lungs, 293, 294 ; from Skin, 420, 
423 ; frigorifying effect of, 444. 
Exhaustion, Death by, causes of, 435, 
902. 


Expectant Attention, 736. 

Expiration, movements of, 270, 271; 

force required for, 271. 

Externality, elementary notion of, 662. 
Extractive of Blood, 167 ; of Urine, 406. 
Extra-uterine foetation, 764, 779, 780. 
Exudations, reparative, 856, 857 ; inflam- 
matoiy, 366-369. 

Exuviation of effete Tissues, 843, 844, 

OA*r ' ’ * 


Eye, optical structure of, 629-639 ; 
adaptation of to distances, 629-632 ; 
nervous organization of, see Retina; 
use of, in Vision, see Vision ; develop- 
ment 823-825. 

Eyes, convergence of axes of, in object, 
632, 633, 644, 703, 704 ; movements 
of, directed by visual sense, 565; 
relation of Will to, 659, 560 ; har- 
mony and symmetry of, 700-705. 


F. 

Facial Angle of Man and Apes,- 25. 

Neive, 505, 512, 544. 

Fseces, composition of, 104-106 ; source 
of their peculiar constituents, 107, 
109; expulsion of, 70, 531; fatty 
matter in, 98, 106 ; average daily 
quantity of, 105. 

Fakeers, Indian, apparent death of, 
904, 905. 

Fallopian Tube*?, development of, 811, 
812 ; passage of spermatozoa through, 
760, 761 ; passage of ova through, 
764, 765; formation of chorion in, 
767. 

Falsetto Voice, nature of, 720, 721. 

Farinaceous constituents of food, see 
Starch. 

Farocse islanders, diet of, 47, 48. 

Fat, in Blood, 166; uses of, 341; in- 
crease of, in disease, 184 ; in old age, 
203 ; in Chyme, emulsification of, 96- 
98 ; in Fseces, 103-105 ; production 
of, in Liver, 381 ; effects of, when 
taken with meat, 331 ; production of, 
from starch, 341 ; fiom albumen, 841 ; 
proportion of, in brain, 341 ; in nerves, 
341 ; in muscles, 341; in meat, 40; 
in adipose tissue, 341 ; protective in- 
fluence of, over other tissues, 332. 

Fecundation, act of, 765, 766 ; seat of, 
764. 

Female, physiological peculiarities of, see 
Sexes; mental constitution of, 832, 833; 
length and weight of, at birth, 831 ; 
subsequent increase of, 832 ; viability 
of, 829 ; puberty of, 757 ; influence 
of, on progeny, 784-789 ; on sex, 827, 
828 ; share of, in Generation, see 
Generation. 

Fenestra ovalis and rotunda, 668, 669. 

Fever, alterations of blood in, 181 ; 
sources of predisposition to, 207, 208 ; 
mortality from, 812, 813. 

Fibrin of Blood, digestion of, 82, 
83 ; normal proportion of, 1 66, 181 ; 
increased proportion of, in arterial 
blood, 175, 176 ; in splenic vein, 
179 ; augmentation of, in inflamma- 
tion, 1 81 ; diminution of, in adynamic 
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diseases, 181; its coagulation, 187, 
(see Coagulation) ; its uses, 186, 197 ; 
apparent formation of, 196, 197. 
Fibrin of Chyle, 132, 133. 

of Lymph, 131. 

Fibrinous effusions of Inflammation, 365, 
366 ; conservative nature of, 369. 
Fibrino-genous substance, 196. 
Fibrino-plastic substance, 196. 

Fifth pair of Nerves, origin of, 505; dis- 
tribution and functions of, 508 ; its 
action in mastication, GO ; in deglu- 
tition, 63 ; influence on salivary 
secretion, 75, 76 ; in respiration, 276, 
277 ; its agency in taste, 509, 512- 
514, 544, 617, 618 ; in smell, 625. 
Filiform papilloe of tongue, 620. 

Finnish Race, 870. 

Fish, Brain of, compared with Man’s, 
459. 

Flute-pipes, laws of, 716. 

Foetus, circulation in, 804-806 ; mode of 
determining age of, 884, 885 ; nature 
of life of, 883 ; size and weight of, at 
birth, 831 ; development of organs in, 
see Development, 

Food, the primary source of neuro- 
muscular energy, 15 ; classification of 
components of, 53 ; saccharine and 
oleaginous constituents of, 33-35, 39- 
41 ; albuminous constituents of, 35, 
36, 40 ; gelatinous constituents of, 36 ; 
proportions of carbon and nitrogen in 
different articles of, 38, 39 ; calorific 
and histogenetic value of, 37-39 ; 
most economical combinations of, 39- 
41 ; relative value of animal and 
vegetable, 40-42 ; quantity of, needed 
by Man, 42-45 ; proportion of animal, 
consumed in France and England, 44 ; 
importance of imrity of, 46-48 ; con- 
sequences of deficiency of, 54-59 ; pre- 
hension and ingestion of, 59, 60 ; re- 
lative digestibility of diflerent kinds of, 
90-93 ; influence of nature of, on com- 
position of blood, 169-171 ; on respira- 
tion, 290 ; on excretion, 330. 

Foot of Man, compared with that of 
Apes, 20. 

Form, mode of acquiring knowledge of, 
by Touch, 612 ; by Vision, 641. 
Formative Power, of individual parts, 
317, 323 ; excess of, in hypertrophy, 
349, 350 ; deficiency of, in atrophy, 
352-354 ; manifestation of, in repara- 
tive process, 354-361; deficiency of, 
in inflammation, 356 ; its greater 
energy in earlier than in later periods 
of life, 848, 355, 881-883. 

Fornix, 579. 

Fourth pair of Nerves, 505, 510. 
Frigorification, influence of cutaneous 
exhalation in, 432, 433, 443, 444. 


Functiont, Vital, see Absorption, 
Assimilation, Cibculation, Ac. 
Fungi, action of light upon, 8. 
Fungiform papill® of Tongue, 619, 620. 


G. 

Ganglia, structure of, 449; seeNEBVOUS 
System. 

731 Sympathetic system, 729- 

Gaols, Indian, high rate of mortality in, 
314 ; English, Cholera in, 306-309 ; 
at Nimes, mortality in, 58 note. 

Gases, found in the alimentary canal, 
106, 107; in the blood, 172-175; in 
the blood in asphyxia, 302 ; in tho 
urine, 413 ; diffusion of, 264. 

Gastric Follicles, structure of, 76-79. 

Gastric Juice, composition of, 79-83; 
conditions of its secretion, 84-88 ; 
quantity of, secreted daily, 83 ; influ- 
ence of nervous system on, 86-88, 788 ; 
solvent power of, 81-83. 

Gasserian ganglion, 508; its influence on 
nutrition, 737. 

Gelatin, uses of, as food, 36, 87 ; diges- 
tion of, 92 ; feeble dialysing power 
of, 118. 

Generation, general nature of, 745; 
provisions for its performance, 745, 
746. 

Action of Male in, 747, 753 ; structure 
of testes, 747, 748 ; characters of 
seminal fluhl, 748, 719; nature and 
evolution of Spermatozoa, 749 -751 ; 
essential importance of Spermatozoa 
in fecundation, 751, 765 ; puberty,’ 
epoch of, 751, 752 ; sexual desire, 
571 573, 752, 753 ; coition, 762, 
753. 

Action of Female in, 753, 760 ; struc- 
ture of Ovum, 754, 755 ; evolution 
of ovum, 754, 756 ; period of pu- 
berty, 757, 758 ; menstrual discharge, 
758-760 ; coincident ovulation, 759 ; 
duration of procreating period, 760 ; 
her function in coition, 760, 761 ; 
maturation of ova, 761 ; corpus 
luteum, 762, 764 ; fecundation of 
ovum, 765, 766 ; consequent changes, 
766, 767 ; formation of chorion, 
767; formation of decidua, 767, 770 ; 
of villi of chorion, 770, 772 ; of 
fcetal tufts, 772 ; of Placenta, 778- 
775 ; changes in Uterus during ges- 
tation, 775, 776 ; quickening, 776 ; 
parturition, act of, 777, 778 ; period 
of, 778, 783; superfoetation, 783, 
784 ; see Lactation, Mammary Oland, 
Milk, 

Influence of Parents on progeny, IIQ, 
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787 ; effects of near relationship of, 
787 ; influence of Male on subse- 
quent offspring, 788 ; effects of state 
of parents at time of conception, 
788 ; subsequent influence of Mother, 
744, 745, 788, 789; influence of 
Ages of parents on Sex of progeny, 
827, 828. 

Embryonic Development, see Devdop- 
ment of Embryo. 

Generation, Organs of, their development, 
812-814. 

Germinal Capacity, variation of, at dif- 
ferent ages, 882, 883. 

Spot, 765. 

'Vesicle, 766 ; its disappearance 

after fecundation, 766, 767. 

Gestation, ordinary term of, 778, 779 ; 
abbreviated, 781 ; protracted, 782, 
783. 

Ghost exhibition, deceptive effect of, on 
hearing, 672. 

Glands, Asaimilating, of Absorbent Sys- 
tem, 126-131 ; their functions, 125 ; 
of Sanguiferous system, 136-144 ; their 
functions, 1 44-1 46 ; double character 
of Liver, 382-393. 

Secreting, essential nature of, 
871, 372. 

Glosso-PUai'yngeal NeiTe, origin of, 604 ; 
distribution and functions of, 512, 513 ; 
its instrumentality in deglutition, 63 ; 
in sense of taste, 512, 513. 

Globulin of blood, 155. 

Glottis, regulation of, 711-713; artificial, 
717, 718. 

Glyco-cholic Acid, 383. 

Glycogene and Glycogenic substance, 
389 ; composition of, 389 ; presence of, 
in blood, 390 ; in placenta, 392 ; theo- 
ries of origin of, 389, 390. 

Glycogeny and Glycogenic function of the 
Liver, 887-393 ; influence of nervous 
system upon, 391 ; effects of medicinal 
agents of, 391 . 

Gorilla, comparison of, with Man, 17- 
33. 

Graafian vesicle, 754 ; formation of ovum 
within, 764-756 ; escape of ovum from, 
761, 762 ; subsequent changes in, 761- 
763. 

Granulation of wounds, 367-361. 

Grape Sugar, 84. 

Growth, period of, 883-896. 

a source of demand for nutri- 
tion, 818, 819 ; excess and deficiency 
of, 319 ; its difference from develop- 
ment, 819 ; formative activity during 
period of, 888, 896. 

Guiding Sensations, essential to volun- 
tary movements, 565, 556; seeJlfiwcw- 
lar Sense, 

Gum, effects of diet of, 34. 


Gustatory Ganglia, 504, 538, 
Nerves, 504, 512, 643, 644. 


H. 

Hahit, influence of, in establishing excito- 
motor actions, 534, 635 ; on sensori- 
motor actions, 553, 654 ; on impres- 
sions on sleeping persons, 695^ 696 ; 
on amount of sleep required, 696, 697 ; 
on co-ordination of muscular move- 
ments, 696, 697. 

Hachisch, effects of, 600. 

Hsenmdromometer, 244. 

HEemadynamometer, 243. 

Hsematin crystals, 165, 156. 

Hsematochometer, 244. 

Hs&matoglobulin crystals of blood, 155. 

Haematoidiu crystals of blood, 165, 166, 
383. 

Hsemin crystals of blood, 156. 

Haemorrhage, predisposition to, 181, 182. 

Hair, characters of, in different Races, 
863. 

Halones of vitellus, 755. 

Hand of Man, peculiar attributes of, 19, 

Harmony of Muscular movements, 699- 
705. 

Healing Processes, different forms of, 
354-361. 

Hearing, physical conditions of, 659. 
Organ of, its essential structure, 662 ; 
its adaptation to laws of propagation 
of sounds, 663-665 ; structure and 
functions of tympanic apparatus, 
666-668; of labyrinth, 668-670 ; of 
exteinal ear and meatus, 670, 671 ; 
development of, 825. 

Bense of, 669, 660 ; discrimination of 
pitch of tones, 670 ; estimate of 
direction of sounds, 669, 671 ; esti- 
mate of distance, 671 ; influence of 
habitual attention on acuteness of, 
672 ; rapidity of perception by, 
compared with vision, 474, 673 ; 
use of, in regulating voice, 666, 
673. 

Heart, irritability of, 216, 217 ; ihythmi- 
cal movements of, 217; their source, 
217-220 ; influence of nerves upon, 
218, 219 ; disturbance of, by attention 
to them, 735 ; successive actions of, 
220 ; course of blood through, 221 ; 
difference of two aides of, 222 ; sounds 
of, 223, 224 ; rate of propulsion of 
blood by, 225 ; force of propulsion 
of blood by, 243, 244 ; number of 
pulsations of, 226-229 ; first develop- , 
ment of, 799 ; subsequent changes in, 
802. 

Heat, importance of, in growth and de- 
velopment, 6, 6 ; influence of, on Vital 
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Action, 426 ; on period of gestation, 
779 ; endurance of extremes of, 431- 
433 ; its production in Human body, 
426 ; sources of variation of, 427-429; 
alterations of, in disease, 429, 430 ; 
liberation of, after death, 430 ; sources 
of, 433, 434, 437; loss of, the cause 
of death by starvation and exhausting 
diseases, 434, 435 ; partial dependence 
of, on cutaneous respii-ation, 436,437; 
influence of nervous system on, 438- 
440 ; inferior power of generating, at 
earliest and latest periods of life, 441, 
442 ; reduction of, by evaporation from 
external surface, 443, 444. 

Height at different ages, 831. 

Hepatic Artery, 378, 379. 

Cells, 381 ; degeneration of, 381. 

Duct, 380. 

Parenchyma, arrangement of, 
381 ; nature of, 381. 

Vein, 379, 380 ; blood of, com- 
pared with portal, 178-180. 

Hepatine, 387; see Glycogeny. 

Herbivorous animals, excretions of, 333. 

Hereditary Transmission of maladies, 
786-788. 

Hermaphrodism, 812, 813. 

Heterologous growths, 371. 

Hiccup, act of, 280. 

Hindostan, languages and people of, 871. 

Hippuric Acid, its presence in the Blood, 
167 ; in Urine, 405, 410. 

Horopter, nature, form, and use of, 643, 
644. 

Hottentot Pace, 874-876. 

Humus, absorption of, by plants, 8. 

Hunger, indicates necessity for aliment, 
52 ; immediate source of sense of, 53. 

Hybrid Paces, question of fertility of, 
862. 

Hybrids, influence of parents on, 785. 

Hydrogen, elimination o^ by respiratory 
process, 297 ; by other excretions, 334; 
respiration in, 295. 

Hypermetropia, 633. 

Hypertrophy, 319, 348-350; conditions of, 
350 ; shown in production of tumours, 
350, 351 ; in supernumerary parts, 351. 

Hypnotism, 601-603. 

Hypochondriasis, operation of, 744. 

Hypogastric plexus of Sympathetic, 729, 
730. 

Hypospadias, 813. 

Hypoglossal Nerve, 517, 518. 

Hypoxanthine, 383. 

Hysteria, exalted sensibility in, 605. 

Hysterical Ischuria, 375. 


I. 

Icelanders, freedom of, from tuberculosis, 
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41 ; liability of, to zymotic diseases. 
314, 315. 

Idiocy, predominance of instinct in, 685 ; 
causes of, 786. 

Illumination, relative perceptibility of, 
669. 

Inanition, 61-57, see Starvation ; balance 
of vital economy in, 327* 

Increase, see Growth. 

India, population and languages of, 870- 
872. 

Indirect vision, 656. 

Indo-European Race, 866-868. 

Infancy, chai-acteristics of, 886-887. 

Infants, temperature of, 427 ; inferior 
power of generating heat in, 442-443 ; 
length and weight of, at birth, 828, 829. 

Inflamirbatiorif increase of fibrin of blood 
in, 181; a perverted form of nutritive 
process, 360-362 ; its relations to hy- 
pertrophy and atrophy, 362 ; causes of, 
362; phenomena of, 362, 363; state of 
blood in, 366 ; characteristic effusions 
of, 366, 867 ; unhealthy forms of, 366 ; 
effects of, in tubercular subjects, 369. 

Inflammatory effusions, different charac- 
ters of, 199, 366-368. 

Ingesta, average chemical composition 
of, for one day, 326. 

Inhibitory influence of the nervous 
system on intestine, 69 ; on heart, 218 ; 
on respiratory muscles, 279. 

Inorganic Constituents of Blood, 167 ; 
their uses, 342; of Urine, 411, 415. 

Inoaite, 34, 676. 

Insalivation, 71 76. 

Insects, automatic actions of, 453- 455. 

Inspiration, movements of, 271, 272; 
force required for, 272, 273 ; cause of 
first, 276. 

Instinct, contrasted with Reason, 452- 
457. 

Intelligence, nature of, as opposed to In- 
stinct, 454-456 ; degree of, conform- 
able to size and development of Cere- 
brum, 582-586. 

Intestinal Canal, movements of, 68 ; 
influence of Sympathetic nerves on, 
69 ; influence of mental states on, 
736 ; development of, 796, 806. 

Juice, 102, 103 ; its use in 

digestion, 103, 104. 

— ^cretions, influence of nervous 
system on, 738. 

Involuntary Movements, 695 ; influence 
of Sympathetic on, 731, 

Iris, structure of, 639 ; movements of, 
in accommodation of Eye, 630, 631 ; 
effects of heat and light upon, 640 ; see 
PwpH. 

Irradiation of impressions on retina, 65B» 

Irrigation of the tissues effected by 
lymph, 136. 
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Irritability of Heart, 210, 217 ; of 
Arteries, 280, 231. 


J. 

Jacob’s Membrane, structure of, 635, 
636. 

Jaundice, ordinary, from re-absorption of 
bile, 375, 376 ; more severe form of, 
dependent on non-elimination of bile, 
386. 

Jewish Females, period of conception in, 
765 note. 

Nation, 869 ; varied complexion 
of, 852. 


K. 

Kaffre Kace, 874, 875. 

Kidney^ structure of, 393-398 ; tubuli 
uriniferi of, 394 ; circulation in, 397; 
398; Corpora Malpighiana of, 394-397; 
secreting cells of, 394-396 ; develop- 
ment of, 809-811 ; elimination of 
water by, 398 ; of soluble matters 
generally, 415, 416 ; secreting action 
of, 398 ; excretory function of, 398 - 
419 ; see Urine. 

Kinesodic substance. 

Kurrachee, cholera at, 307, 308. 

Kymographion, 243. 


L. 

Labyrinth of Ear, functions of, 668-672. 

Lachrymal secretion, influence of mental 
states on, 738. 

Lactation^ 833-845 ; change of quality of 
milk in course of, 838, 839 ; extra- 
ordinary prolongation of, 841, 842 ; by 
males, 836, 837. 

LacteaUy origin of, in villi, 110-113; ab- 
sorption by, 113, 114; glanduloe of, 
126-129 ; contents of, see Chyle. 

Lactic acid, origin and relations of, 34 ; 
presence of, in gastric fluid, 80. 

Lamina spiralis, structure of, 662, 663. 

Laminoe dorsales, 794, 795. 

Landau, effects of siege of, 789. 

Language, the expression of ideas, 710, 
722. 

Languages of different races, essential 
conformity in, 864, 865 ; American, 
866 ; Bushman, 876 ; Celtic, 867 ; 
Euskarian, 867 ; Hindoo, 871 ; Hot- 
tentot, 876 ; Indo- Germanic, 867 ; 
Kaffre, 874 ; Malayo-Polynesian, 878, 
879 ; Negro, 873 ; Negrito, 879, 880; 
Sanskritic, 867 ; triform, 876 ; Syro- 
Arabian, 869 ; TamuHan, 87 L 


Lanugo of foetus, 201. 

Lapps, Hace of, 870. 

Larynx, structure of^ 710-713 ; muscular 
actions of, 712-716 ; precise adjust- 
ment of, 708 ; their dependence on 
guiding sensations, 556, 660, 721, 722 ; 
nerves of, 278, 279, 614, 615 ; pro- 
du6tionof sounds by, 716-720 ; theory 
of the voice, 719 ; falsetto notes, 720, 
721. 

Lateral vision, 656. 

Laughing, act of, 280. 

Lead, poisoning of water by, 48 ; cumu- 
lative action of, 204. 

Leaf, fall of, 322 note. 

Lecithin, 384. 

Leucin, 383. 

Life, nature of, 1 ; distinguishing fea- 
tures of, 2-5 ; multiplication of, 
3, 4 ; importance of Heat in deve- 
lopment of, 6, 6 ; influence of Light 
upon, 7 ; final purpose of, in plants, 
9 ; various manifestations of, in ani- 
mals, 10, 11 ; manifestation of, in de- 
velopment, 12 ; in production of Heat, 
12, 13 ; in sensori-motor activity, 14 ; 
coiTelation of the physical forces in the 
acts of, 14-16 ; of the Blood, 185, 203 
213. 

Light, evolution of, from living body, 
444-446. 

Lightnim?, death by, effect of, on blood, 
189. 

Limbs, nature and development of, 826, 
827 ; attempted reproduction of, in 
fcetu.s, 355, 356. 

Limits of Vision, 638. 

Liquor Amnii, 801. 

Sanguinis, 151; composition of, 

157. 

Lithic acid, 339, 409 ; see Uric acid. 

Liver, structure of, 376-382 ; general 
plan of, in lower animals, 376, 377 ; 
in Man, 377-382 ; arrangement of 
blood-vessels in, 378-380 ; biliary 
ducts in, 380 ; parenchyma of, 380, 
381 ; lymphatics of, 380, 381 ; com- 
ponent cells of, 381 ; development 
of, 807, 808 ; double function of, 
387. 

Assimilating action of, 179, 180, 386 ; 
pj oduction of glycogeneand sugar by, 
387-393 ; of red corpuscles by, 163. 
Excretory action of, 385 ; formation 
of bile by, 384, 387 ; see Bile. 

Lochia, 778. 

Locomotion, movements of, 634, 585, 
563, 664, 697, 700, 

Londonderry steamer, case of, 304. 

Loss of Blood, influence of, on compo- 
sition of blc^, 171. 

Louisville, cholera at, 309, 310. 

Luminosity, of living body, 444-446. 
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Lungs, structure of, 266-268; contrac- 
tility of bronchial tubes of, 268, 269 ; 
elasticity of, 269 ; force required for 
their distension, 269 ; mechanism of 
their expansion, 269-271 ; capacity of, 
284, 286 ; changes in, from section of 
preumogas tries, 281, 282; develop- 
ment of, 808, 809. 

Luxus consumption of food, 337, 340. 

Lymph, composition of, 131 ; microscopic 
characters of, 131 ; sources of, 112, 
113, 118-120, 135 ; movement of, 
128, 129 ; quantity of, 134 ; forceseffect- 
ing the movement of, 134, 135; pressure 
of, against the walls of the lymphatics, 
135 ; influence of nervous system on 
amount of, 136 ; causes of variations 
presented by, 136. 

Corpuscles, characters of, in 
Birds, 169; in Mammalia, 160. 

-, Coagulable, effusion of, in in- 
flammation, 362 ; conservative nature 
of, 369 ; fibrinous and corpuscular 
forms of, 366, 367 ; degenerations of, 
365, 366 ; formation of pus in, 368, 369. 

■ Paths, superficial and deep, 128, 

129. 

Lymphatics, distribution of, 126 ; in 
stomach, 79; in intestines, 110-112; 
in nervous centres, 121, 581 ; in spleen, 
139 ; in liver, 381 ; glandulse of, 126- 
128; absorption by, 124, 125 ; con- 
tents of, see Lymph, , 


M. 

Magenta, action of solutions of, on 
blood- corpuscles, 158. 

Magyar JRace, 870. 

Maintenance of organism, 320, 321 ; 
during period of maturity, 883, 896, 
897. 

Malayo-Polynesian Race, 879. 

Male, rudimentary uterus in, 812 ; rudi- 
mental mammary gland in, 836 ; 
lactation by, 836, 837 ; influence of, 
on progeny, 784-788 ; on sex, 827, 

828 ; size and weight of, at birth, 828, 

829 ; subsequent increase of, 831 ; 
viability of, 829; puberty of, 751, 
752 ; his character as compared with 
female, 832, 833 ; share of, in genera- 
tion, see Generation. 

Malignant growths, 371. 

Malpighian Bodies, of Kidney, 394, 
398 ; of Spleen, 137, 138. 

Mammary Gland, structure of, 833-835; 
functional activity of, 835, 836 ; influ- 
ence of mental states upon, 7 40, 7 43 ; 
secretion of, see Milk. 

Man, Distinctive Characters of, 17 ; 
hand of, 18, 19 ; cranium of, 21 25 ; 


vertebral column of, 26 ; lower ex- 
tremities of, 20, 27, 28 ; facial angle 
of, 25 ; myology of, 28, 29 ; visceral 
appaiatus of, 29 ; brain of, 29 ; sub- 
ordination of senses to intelligence of, 
30 ; peculiar adaptability of, 80 ; slow 
growth of, 31 ; mental endowments 
of, 31, 82 ; articulate speech of, S2 ; 
capacity for progress of, 32, 33. 

Man, Epochs of Life of, 881, 882 ; 
embryonic life, 883-885 ; infancy, 
885-887 ; childhood, 887-892 ; youth, 
893 ; adolescence, 893-895 ; maturity, 
896 ; decline, 897 899. 

, Varieties of, 866-881 ; see Colour, 

Hair, Language, Pelvis, Laces, Skull, 
and Varieties. 

Manchester, organic matter in air of, 
207. 

Manometer, differential, 242. 

Mara, Mad., range of voice of, 709 note. 

Marriages of consanguinity, 786. 

Mastication, act of, 60 ; nerves of, 60. 

Maturity, cliaracteristics of, 896, 897. 

Maucliamp breed of Slieep, 860 note. 

Meat, bad economy of exclusive diet of, 
38 ; eftecta of, on balance of vital eco- 
nomy, 331; effects of diseased, 47. 

Meconiun), nature of, 386 7iote. 

Medulla Oblongata, structure of, 500- 
507 ; grey substance of, 502-506 ; 
origin of various nerves from, 502, 505 ; 
motor tract of, 507 ; sensory tract of, 
507 ; origin of nerves in, 503-505 ; 
special endowments of, 630 ; see Lpinal 
Cord. 

491 ; see Lpinal 

Cord. 

Membrana Granulosa, 754. 

Tympani, structure and uses 

of, 666, 667. 

Menstruation, period of, 757, 758 ; 

nature of, 758- 760 ; persistence of, 
760. 

Mesencephalon, developmentof, 795, 822. 

Mesenteric Blood, special characters of, 
178. 

Glanduloe, structure of, 127 

131. 

Mesocephale, effects of section of, 550 ; 
effects of electric cuirent on, 550. 

Metamorphosis of matter, required in 
Organic functions, 324. 

Metastasis of Secretion, 374-876, 401, 

Mill bank Prison, scurvy at, 57 ; cholera 

at, 306. 

Milk, secretory apparatus of, 833-836 ; 
supply of, 836, 830 ; constituents of, 
837-841; variations in their propor- 
tions, 840, 841 ; influence of mental 
states on, 740, 744 ; varieties of, in 
different animals, 841-848 ; relation 
of, to blood, 843, 844 ; re* absorption 
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of, 848, 844 ; vioarious secretion of, 
844 ; quantity of, secreted, 844 ; 
passage of medicines^^ &c. into, 845. 

MtlJb, Sugar of, 840. 

Minoopie Race of the Andaman Isles, 
879 note. 

Mind, of Man, its distinctive character' 
istics, 81, 32, 455-457 ; its influence 
on Organic functions, 785, 745 ; 
variation of, at different periods of 
life, 886, 888-890, 896, 897. 
Emotional activity of, 738, 743. 
Ideo-dynamic activity of, 735, 743, 
745. 

Mixed diet, economy of, 38, 39 ; im- 
portance of, 39-42. 

Model Lodging-Houses, sanitary state of, 
313. 

Modelling process, 858-361 ; means of 
promoting, 359, 360. 

Molecular Death, 901, 903-906. 

Mongolian Race, 869, 870 j in Europe, 
867 ; in India, 870. 

Monstrosities, by excess, 349-351 ; by in- 
clusion, 351, 352 ; by arrest of develop- 
ment, 320, 803, 813, 814, 816, 820. 

Morbid Poisons, 203 ; see Poisons, 
Morbid. 

Mortality, proven tible, of England, 317. 

relative, at different periods 

of the year, 442, 443 ; at different 
ages, 830. 

Mother, influence of mental states of, on 
fcBtus, 744, 745, 789 j on mammary 
secretion, 740 -742. 

Motility of heart, 216. 

Motor Nerves, laws of transmission 
through, 466 ; see Efferent Nerve-Jihres. 

Tract of Medulla Oblongata, 507. 

Mucous layer of Germinal membrane, 
794. 

Mule, characters of, 785 j sterility of, 
862 note. 

Muscles, limited teim of life of, 322 ; 
degeneration of, 346 ; hypertrophy of, 
349, 350 ; atrophy of, 353, 354 ; elec- 
tric current in, 683. 

Musical tones, theory of, 661. 

Muscular apparatus of organic life, 674 j 
of animal life, 675 ; voluntary and in- 
voluntary actions of, 695. 

Muscular Tissue, various forms of, 674, 

675 ; structure of striped, 675, 676 ; 
distiibution of blood to striped form of, 

676 ; lymphatics of, 676 ; chemical 
composition of, 676; chemical changes 
in, induced by exhaustion, 676, 677 ; 
development of, 677, 678 ; nutrition 
of, 678 ; limited duration of, 678, 679 ; 
elongated and contracted conditions of, 
680 ; phenomena accompanying con- 
ti'action of, 680 ; elasticity o^ 682, 
683 ; electrical relations of, 683 ; idio- 


muscular oontraotibu of, 686 ; various 
stimuli inducing contraction of, 686, 
687 ; peculiarity of that of Heart, 
687 ; examples of rhythmical move- 
ment of, 688 ; irritability of, 688 ; 
agents destroying irritability of, 689, 
690 ; effects of shock in destroying 
irritability of, 690 ; proofs of essential 
independence of irritability of, 691 ; 
necessity of due supply of arterial blood 
for maintenance of irritability of, 692 ; 
spontaneous and post-mortem move- 
ments in, 693, 694 ; Rigor mortis of, 
694, 695. 

Muscular Movements, increase of con- 
tractile power of, after section of spinal 
cord, 537; voluntary and involuntary, 
695; grouping of, 696 ; symmetry and 
harmony of, 697-705 ; energy and ra- 
pidity of, 706-708 ; precise adjustment 
of, 708 ; see Muscular Sense. 

Muscular Sense, 556-558 ; its participa- 
tion in voluntary movements, 559, 560; 
its exaltation in Somnambulism, 602, 
603. 

Suggestion, its influence in Som- 
nambulism, 602, 603. 

Tension, influence of Spinal Cord 

on, 536-538. 

Myopia, 683. 


. N. 

Navy, diet-scale of, 44. 

Necrsemia, death by, 185, 903. 

Negative accommodation of the eye, 631. 
Negrito Race, 879. 

Negro, change of colour in, 851 note. 
Negro Races, colour of, 851 ; hair of, 
853 ; skull of, 854, 856 ; modification 
of ite form by civilization, 857 ; pelvis 
of, 858 ; geographical range and varie- 
ties of, 872-874. 

Nerve-force, laws of transmission of, 466, 
467. 

Nerves, electric current in, 475-491. 
Neevous System, 449 ; influence of, on 
Animal Heat, 438, 439 ; general ar- 
rangement of, 449,450; chemistry of, 
451 ; automatic character of, in In ver- 
tebrata, 452-455 ; distinguished in 
Vertebrata by Cerebrum, and minis- 
tering to Intelligence, 465, 457. 
Cerehro-Spinal system, principal divi- 
sions of, 458, 463 ; Cranio-Spinal 
Axis, 458 ; Sensory Ganglia, 458, 

459 ; Cerebral Hemispheres, 459, 

460 ; Cerebellum, 460 ; general 
course of action of, 460-462 ; reflex 
operations of separate parts, 461 ; 
subordination of these to the Will, 
462 ; relations of, to Sympathetic 
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system, 463 ; influence of, on Ani- 
mal Heat^ 439-441 ; on Organic 
functions, 731-746 ; see Ocreicaum, 
Cerebrum^ Medvlla Oblongata^ Sen- 
8ory Oanglia^ Spinal Cordj Con- 
sciottsnesSf EmotionSf Excito-motor 
Actions, Ideo-motor Actions, Intel- 
lectual Faculties, Eqflex Actions, 
Sensory-motor Actions, VoUtioncd 
Actions. 

Sympathetic System, general structure 
of, 729, 731 ; Cerebro- Spinal fibres 
in, 463, 780 ; their instrumentality 
in sensation and muscular contrac- 
tion, 731 ; action of, on intestinal 
canal, 69, 88 ; on heart, 218 ; on 
blood-vessels, 232, 233 ; on uterus, 
731, 777 ; on iris, 639, 733 ; Proper 
fibres of, 730 ; influence of, on 
Secretion generally, 738, 739 ; on 
secretion of saliva, 76 ; on secretion 
of gastric juice, 88 ; on nutrition, 
737 ; on animal heat, 439, 440 ; 
effects of section of, 243, 733 ; reflex 
actions of, 736. 

Trunks, endowments of, 464-470; affe- 
rent and efferent, 464 ; use of plex- 
uses of, 465 ; laws of transmission 
in, 466, 467 ; modes of determining 
their functions, 467, 470 ; by peri- 
pheral distribution, 467, 468 ; by 
central connections, 468, 469 ; by ex- 
periment, 469; by observation, 470, 
471; action of various stimuli on, 471- 
473 ; rapidity of conduction of elec- 
trical stimulus by, 473, 474 ; various 
excitability of, at different points, 
480 ; electro-motor properties of, 
481-491. 

Nervous Tissue, limited duration of, 322 ; 
continual reparation of, 322, 323 ; atro- 
phy of, 353, 354. 

Niraes, prison of, mortality at, 58. 

Nitric Acid, in urine, 413. 

Nitrogen, its presence in blood, 172, 
173 ; exhalation and absorption of, 
296 ; excretion of, 336, 340, 406. 

Notochord, formation of, 814, 817. 

Nutrition, general nature of, 199-204, 
317 ; dependent on pabulum in blood, 
199, 317, 318 ; compleraental, doctrine 
of, 201, 202 ; sources of demand for, 
in increase, 318, 319 ; in development, 
319, 320 ; in maintenance, 320, 323 ; 
conditions of its performance, 323, 
324 ; interstitial and superficial, 843, 
348 ; varying activity of, 348, 349 ; 
at different periods of life, 881, 883 ; 
abnormal degrees of, 349-354 ; pecu- 
liar phases of, in reparation of injuries, 
364-361 ; abnormal forms of, 361, 371 ; 
inflammation and its results, 362, 369 ; 
tuberculosis, 369, 370 ; malignant 


growths, 871 ; influence of Nervous 
system on, 787, 788 ; electric disturb- 
ance in, 446, 447. 


O. 

Oblique Muscles of Eye, function of, 700, 
701. 

Observation, active in infancy, 886. 

Observations, astronomical mode of record- 
ing, 673. 

Oceanic Race, 877-879. 

Ocular Spectra, 657, 658. 

Odoriferous secretion of Skin, influence of 
nervous system on, 789. 

Odorous matter in Blood, 161. 

Odours, nature of, 623. 

(Esophagus, movements of, in swallowing, 
63, 64. 

Old Age, characteristics of, 898, 899 ; 
temperature in, 427 ; diminished power 
of generating heat in, 442. 

Oleaginous constituents of food, 83, 86, 
40 ; digestion of, 91, 95-97 ; absorf>tion 
of, by investing cells of Villi, il3 note. 

Olfactive Cells, 624, 625. 

Ganglia, 538, 

-Nerves, 640; peculiar character 
of, 624 ; distribution of, 624, 625. 

Olivary bodies, 501. 

Omphalo-mesenteric vessels, 797, 798, 

Ophthalmic branch of Fifth Pair, 508. 

Ganglion, 609, 731. 

Optic Ganglia, 538. 

Nerves, peculiar arrangement of, 

542 ; endow’ments of, 541, 642, 646 ; 
distribution of, 634, 685 ; deficient 
sensibility at entrance of, 637, 656. 

Thalami, 538, 539 ; functions of, 

548, 552. 

Orang Outan, comparison of, with Man, 
17-33. 

Osmosis, 115 ; various phenomena of, 
115-118 ; through a fluid septum, 117 ; 
exceptional instances of, 119 note; of 
constituents of food, 118-120. 

Ossification, completion of, a mark of 
Adolescence, 893, 894. 

Oval Skull, 856, 857. 

Ovarium, structure of, 753, 754 ; deve- 
lopment of, 811, 812 ; evolution of 
ovisacs within, 756 ; discharge of ova 
from, 758-760. 

Overcrowding, a predisposing cause of 
zymotic disease, 803-308, 314—810. 

Ovisac, 754 ; see Graajian Vesicle. 

Ovim, structure of, 765, 756 ; evolution 
of, 756 ; maturation and discharge of, 
757, 760 ; fertilization of, 764-767 ; 
first changes in, 766, 767; subseq^uent 
changes in, see Devdopment of Embryo. 

Oxalic Acid, in urine, 413. 



940 


INDKX OF SUBJECTS, 


Oxygen^ amount of, in blood, 173, 174 ; 
stimulating effect of, on heart, 216. 

— — sources of demand for, 264, 266 ; 

quantity of, required, 286 ; exchange 
of carbonic acid for, 287 ; excretion of, 
326, 829, 834 ; respiration in, 295, 299. 

Ozone, relation of blood-corpuscles to, 
175. 

P. 

Pancreatic fluid, composition of, 94 ; 
action o^ on starch, 95 ; on fat, 96 ; 
on albumen, 97; amount of, secreted, 95. 

Papill®, tactile, 608, 609 ; gustative, 
619, 620. 

Papuan Race, 879. 

Par Vagum, 614 ; see Pneumogastric 
Nerve. 

Paralyzed limbs, temperature of, 439. 

Parapeptones, formation of, from albu- 
men, 92. 

Paraplegia, peculiar cases of, 626-528. 

Parents, influence of, on progeny, 784 ; 
see Generation, Injluence of Parents. 

Parotid‘Glaiid, 71, 72 ; secretion of, 73, 74. 

Parturition, act of, 777, 778 ; regular 
period and causes of, 778, 780 ; prema- 
ture, 780, 781 ; retarded, 782, 783. 

Passion, influence of, on secretion of 
Milk, 740-742. 

Paupers, dietaiy of, 46. 

Pelagian- Negro Race, 879. 

Pelvis, form of, in different Races, 858. 

Pepsin, 81-83. 

Peptones, formation of, from albuminous 
compounds, 91, 92 ; osmotic energy of, 
119. 

Periodical phenomena, 426, 778, 779. 

Peristaltic movement of intestines, 64, 
67-69 ; effects of venous blood on, 69 ; 
effects of irritation of various parts of 
nervous system on, 69 ; influence of 
mental states on, 735. 

Persistence of sensory impressions, tactile, 
613 ; gustative, 623 ; olfactive, 627 ; 
visual, 652, 653 ; auditory, 660. 

Perspiration, see Sudoriparous Excre- 
tion. 

Personal Equation of Astronomical ob- 
servers, 673. 

Peyerian glandulse, structure and rela- 
tions of. 111, 129, 130. 

Phthisis, influence of, on Pulse, 227. 

Phosphates, Alkaline, in blood, 342 ; in 
urine, 412, 413. 

•, Earthy, in urine, 412, 413. 

Phosphbnes, investigation of, 657. 

Phosphorus, elimination of, by breath, 
298, 446 ; by urine, 411, 445. 

Phosphorescence of living b^y, 445, 446. 

Phrenological doctrine, of Cerebellum, 
668-674 ; of Cerebrum, 584. 


Pitch of Sounds, appreciation of, 670. 

of Voice, regulation of, 711-720. 

Placenta, formation of foetal portion of, 
771, 772 ; of maternal portion, 772- 
776. 

Placental murmur, 775. 

Platyrrhine Apes, comparison of thumb 
of, with that of Man, 21. 

Pneumatolog^ of the blood, 172. 

Pneumogastric NervCt origin of, 604 ; 
general distiibution and endowments 
of, 614 ; its instrumentality in deglu- 
tition, 63 ; in hunger and satiety, 53 
note; its influence on secretion of 
gastric fluid, 86-88, 738, 739 ; on 
movements of stomach, 65, 66 ; on 
movements of heart, 217-220 ; its 
action as excitor of respiration, 275 ; 
its influence on larynx, 278, 279, 515. 
Pointer and Setter, peculiar breeding 
of, 785. 

Poisons^ mode of action of, 203 ; their 
passage into the circulation, 226 ; 
elimination of, from blood, 204, 205, 
212, 213. 

-Morbid, their substantive ex- 
istence, 206 ; some generated within 
the system, 207, 208, 210 ; zymotic, 
207 ; predisposition to their activity, 
207, 208 ; couree of action of, 211 ; 
alteration of blood by, 210, 211 ; re- 
covery of blood from, 213. 

Polynesian Races, 877-879. 

Portal Vein, blood of, 178; comparison 
of, with blood of hepatic vein, 179, 180 ; 
its distribution in Liver, 378, 379. 

Pons Varolii, effects of section of, 649, 
550. 

Poi-tio dura, origin of, 505 ; functions of, 
512. 

Positive accommodation of the eye, 630. 

Potash, its predominance in red corpus- 
cles, 157 ; effect of, on urine, 418. 

Potteries (Kensington), mortality at, 312. 

Pregnancy, signs of, 776 ; see Gestation. 

Prehension of food, movements of, 69, 60. 

Presbyopia, 633. 

Pressure of Blood in arteries, 243, *244 ; 
in veins, 244 ; increased during expira- 
tion, 245 ; influence of, on secretion of 
urine, 400, 403. 

Primitive Trace, 794. 

Prisons, diet-scale of, 44, 45 ; see Gaols. 

Prognathous Skull, 854, 855. 

Projection of objects, visual appreciation 
of, 644-647. 

Prosencephalon, development of, 822, 823. 

Prostate Gland, function of, 749. 

Protracted Gestation, 782, 783. 

Ptyalin, 73. 

Puberty, the characteristic of Youth, 
893 ; in female, 767, 758 ; in male, 
761, 752 ; diseases of, 896. 
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Puerperal Fever, predisposing causes of, 
208. 

Pulse, .^j^rial, 235-246 ; mode of for- 
mation of, 238 ; artificial production 
of, 239 ; rate of, under different con- 
ditions, 237-245 ; proportion of, to re- 
spiratory movements, 273, 274 ; di- 
chrotous, 238-240. 

, Respiratory, 258. 

— , Venous, 223. 

Pupil, action of, 533, 541, 631, 639 ; re- 
lation of, to Third Pair, 509, 511 no^e, 
533 ; to Sympathetic, 639. 

Purpura, state of blood in, 182. 

Pus, formation and characters of, 360- 
368 ; influence of, on coagulation of 
blood, 194. 

Putrescent Pood, injurious consequences 
of, 46-48 ; Water, injurious effects of, 
49. 

Pyramidal Skull, 855-857. 

Pyramids of Medulla Oblongata, anterior, 
500 ; posterior, 502. 

Pyrensemata, 153. 

Python, temperature of, during incuba- 
tion, 12 noie, 

Q. 

Qmdruma?ta, comparison of, with Man, 
17-33. 

Quagga, transmission of marks of, 787. 

Quickening, act of, 776. 


R. 

Races, origination of new, 860, 801. 
Races of Mankind, American, 876, 877 ; 
Arian or Indo-European, 866- 868 ; 
Berber, 869 ; Bushman, 875 ; Cauca- 
sian, 865 ; Celtic, 867 ; Hindostanic, 
871; Hottentot, 874, 876; Kaffre, 
874; Mongolian, 869, 870; Malayo- 
Polynesian, 878; Negro, 872-874; 
Oceanic, 877; Pelagian -Nepo, 879; 
Seriform, 870 ; Syro- Arabian, 868, 
869. 

Range of vision, extent of, 632. 

Rapidity of Muscular movements, 708. 
Rattle-snake, poison of, secretion after 
death, 901 note. 

Reciprocation of sonorous vibrations, 
663, 664 ; by membrana tympani, 666. 
Red Corpuscles, 152 ; see Blood. 

Reeds, vibrating, laws of, 716, 717. 
Reflex Actions, general nature of, 452; 
of Spinal Cord, 524-538 (sec Excito- 
Motor Actions) ; of Sensory Ganglia, 
551, 554 {soQ ScTisoH-Motor Actions). 
Refraction, laws of, 627. 

Regeneration of tissues, 354—361. 
Regimen, see Diet, Pood. 


Relations, near, tendency of their mar- 
riage to produce imperfect progeny, 
786, 787. 

Relief of surfaces, visual appreciation of, 
644-647 ; conversion of, 661, 652. 

of injuries, 854 ; completeness 
of, in lower animals, 855 ; limitations 
of, in higher, 355 ; most energetic and 
complete in earliest periods of life, 355, 
356 ; not dependent on inffammation, 
356 ; by immediate union, 856 ; by 
adhesion, 857, 858 ; by modelling pro- 
cess, 858, 359 ; by suppurative granu- 
lation, 860 ; by secondary adhesion, 
361. 

Reproduction of limbs, in foetus, 356 ; 
of lower jaw, 356. 

Resonance of sounds, 664. 

Respiration, general nature of the func- 
tion, 263 ; sources of demand for, 
264-266 ; essential provisions for, 
264 ; apparatus of, 266-269 (see 
Lunys) ; mechanism of acts of, 269, 
270. 

Movements 269-272; muscular force 
required for, 272, 273 ; rate and 
extent of, 273, 274; maintenance of, 
by nervous system, 274-280 ; excitor 
nerves of, 275, 276 ; motor nerves 
of, 277 ; partial volitional control 
over, 277, 278; modifications of, 
280, 281. 

Effects of, on Aivy 284-300 ; amount 
of air consumed, 285-287 ; changes 
in its proportions of oxygen and car- 
bonic acid, 287-293 ; quantity of 
carbonic acid imparted to, 288- 293 ; 
changes in proportion of nitrogen, 
296 ; watery vapour imparted to, 
296-298 ; absorption from, 298, 299. 
Effects of, on Blood, 171-177 ; on its 
general composition, 171, 172; on 
its free gases, 172, 175 ; on its fibrin, 
175; on its corpuscles, 175, 176; 

• on its colour, 176, 177. 
Consequences of tSusperision of, 300 
302. 

Effects of Deficiency of, 303, 305 ; pre- 
disposition to zymotic disease, 304- 
317; predisposition to spasmodic 
diseases, 315, 316; excess of mor- 
tality attributable to, 316, 817. 

Respiration of hydrogen, 295, 300 ; of 
nitrogen, 295, 300; of oxygen, 299, 
300. 

- artificial, partial sustenance 
of heat by, 438. 

Respiratory Pulse, 258. 

Restiform bodies, 500, 502. 

Rete amplum of intestinal lymphatics, 

112 . 

Rete angustum of intestinal lymphatics, 

112 . 
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Betia mirabilia of lymphatics, 126, 127. 

JUtUMLf structure 634-688 ; most sen- 
sitive point of, 637, 666 ; least sensi- 
tive point of, 687, 666 ; persistence of 
impressions on, 662, 663 ; irradiation 
of impressions on, 656 ; spectra pro- 
duced by pressure on, 667 ; circulation 
in, rendered visible, 668 ; development 
of, 825. 

Rhiuenoephalon, development of, 822. 

Rhythmical movements of heart, 216, 
217 (see Heart ) ; of vessels, 234, 259 ; 
of diaphragm, 277 ,* of striped muscles, 
688 . 

Rigor Mortis, 694. 

Rotifera, asplanchnic character of males 
of, 10 note, 

Rudimental parts, uses of, 201. 


S. 

Saccharine constituents of food, 33, 34, 
39-41 ; digestion of, 91. 

matter in blood, 167, 170, 

387-393 ; in other tissues, 34. 

Sacculi of Colon, use of, 69. 

St. Kiida, mortality at, 316. 

St. Martin, case of, 64, 80, 83-86. 

Saliva^ composition of, 72, 73 ; different 
kinds of, 73 ; uses of, 74, 75 ; influ- 
ence of nervous system on, 75, 76 ; 
quantity of, secreted daily, 74 ; influ- 
ence of kind of food upon quantity 

Salivary Glands, 71, 72. 

Salts, Neutral, influence of, on change of 
colour of blood, 176, 177 ; in retarding 
coagulation of blood, 195, 196. 

of Blood, normal proportion of, 

166, 167 ; variations of, in disease, 
185 ; uses of, 342. 

of Urine, 405, 411-413. 

Sanguification, process of, 126-146 ; 
share of Liver in, 126 ; of Absorbent 
System, 126-136 ; of Ductless Glands, 
136-146. 

Sanskritic languages, 867, 871. 

Satiety, sense of, 43, 63 note. 

Scab, formation of, 358 ; artificial, 869. 

Scurvy, causes of, 42, 43 note; state of 
blood in, 182; at Millbank, 57. 

Secondarily- Automatic actions, 634-536, 
668, 664, 661. 

Secretion, its relation to Excretion, 
871-373 ; influence of nervous system 
on, 736, 738-746 ; continuance of, 
after death, 901 ; metastasis of, 374- 
376; electric disturbance in, 874- 
376; see Bile, Gastric Juice, MiUc, 
Pancreatic Fluid, Saliva, Urine, &c. 

Secunderabad, mortality of troops at, 
814. 


Segmentation of vitellus, 792, 798; 

Self-control, see Volition. 

Semicircular Canals, functions of, 669 ; 
effects of section of, 547. 

Seminal fluid, characters of, 748, 749. 

Semitic Race, 868, 869, 871. 

Sensation, its seat in the Sensorium, 
644, 645 ; general, 604 ; special, 604, 
605 ; dependence of, on capillary circu- 
lation, 606 ; various kinds of, 605, 
606 ; excitement of, by electricity, 
607^ by mechanical impressions, 607. 

Sensations, their seat in Sensory Ganglia, 
544, 645. 

Sensibility, general relative degrees of, 
in different parts of body, 604, 606. 

, tactile, relative, of different 

parts of skin, 610, 611, 

Sensori-motor Actions, their corre- 
spondence with the Instinctive of 
lower animals, 452-455 ; their inde- 
pendence of the Cerebrum, 551-553 ; 
their establishment by habit, 553, 554. 

Sensorium, its special seat in the Sensory 
Ganglia, 544, 545, 588, 589. 

Sensory Ganglia, general structure and 
relations of, 458, 638-540 ; their 

nerves, 640, 544 ; their relative pre- 
dominance in lower animals, 453, 469 ; 
the probable seat of Sensation for ex- 
ternal impressions, 644-646 {see Sensa- 
tion) ; also for Cerebral changes, 588- 
589 ; reflex functions of, 651-553 (see 
Sensori-motor A.ciionB) ; their partici- 
pation in voluntary actions, 533 -561. 

Sensory Nerves, laws of transmission 
through, 466, 467 ; see Afferent 
Nerve fibres. 

- Tract of Medulla Oblongata, 605 - 
607. 

Seriform Race, 870. 

Serous layer of Germinal membrane, 794. 

effusions of Inflammation, 366. 

Serum, 161, 187 ; proportion of, to 

crassaraentum, 194 ; transudation of, 
366. 

Setter and Pointer, peculiar breeding of, 
785, 786. 

Seventh Pair of Nerves, 512 ; deep 
origin of, 605. 

Sexes, proportional number of, 828 ; 
differences in general deveh)pment of, 
829 ; in viability, 829, 880 ; in com- 
position of blood, 168, 169 ; in pulse, 
226, 227 ; in respiration, 289 ; in 
psychical character, 832, 833. 

Sexual sensation, probable seat of, 573. 

Shock, effect of, on heart, 219 ; on 
capillary circulation, 256. 

Sighing, act of, 280, 281. 

Single Vision, conditions of, 642, 643, 
703, 704. 

Six-fingered families, 860. 
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Sixth Pair of Nerves, 510 ; deep oriffin i 
of, 605. 

Size, visual appreciation of, 648-650. 

Sheep, new breeds of, 860. 

■ Skeleton, development of, 814-821, 826. 
827. 

Skin, Colour of, its variation in Man, 
851; absorption by, 123-125; respira- 
tion by, 293, 423, 424 ; transpiration 
from, 420, 423, 

Skull, forms of, in different races, 854- 
858 ; prognathous, 854, 855 ; pyrami- 
dal, 855, 856 ; oval, 856, 857. 

Sleepj definition of, 590 ; condition of the 
circulation in the brain during, 590 ; 
necessity for, 691 ; periodicity of, 591; 

592 ; predisposing influences to, 592 ; 
means of inducing, 592 ; access of, 

593 ; intermediate states between sleep- 
ing and waking, 594, 595 ; influence of 
expectation and habit in inducing, 
595 ; influence of impressions on the 
mind of the sleeper, 595, 596 ; amount 
of, required by man, 596, 597 ; cases of 
absence and deficiency of, 598 ; undue 
protraction of, 598. 

Smelly nerves of, 624, 625 ; their distri- 
bution, 624; Sense of, 625; conditions 
of, 625 ; uses of, 625 ; improvement of, 
626 ; modification of, by habit, 626 ; 
duration of impressions on, 627 ; its 
participation in Taste, 622 ; exaltation 
of, in Somnambulism, 602. 

Snake, temperature of, during incubation, 
12 note. 

Sneezing, act of, 281. 

Sobbing, act of, 280. 

Solar plexus of Sympathetic, 729, 730. 

Solidity, perception of, 644, 647. 

Somatic Death, 901-903. 

Somnambulism, relations of, to sleep and 
reverie, 601 ; suspension of volitional 
control in, 601 ; phenomena of, 601 ; 
mesmeric, 601-60^ 

Sounds, propagation of, 663-665 ; direc- 
tion of, 673 ; distance of, 671 ; pitch 
of, 670 ; musical nature of, 661. 

Sounds of Heart, 223, 224. 

Sound Colours, 661. 

Specific identity or diversity of Human 
Races, question of, 850-865. 

Spermatozoa, nature and evolution of, 
749, 751 ; essential importance of, in 
fecundation, 751, 765, 766. 

Spheno-palatine ganglion of Sympathetic, 
731. 

Spherical Aberration, 628. 

Sphincters, action of, 71, 531. 

Sphygmographs, construction of various, 
236-238. 

Sphygmographic tracing of the cardiac 
movements, 221 ; of arterial pulse, 235- 
237. 


Spinal-Accessory Nerve, deep origin of, 
603, 604 ; distribution and functions 
of, 616, 617. 

Spinal Cord, structure of, 491-600 ; ex- 
ternal conformation of, 492, 493 ; 
vesicular substance of, 493, 494 ; 
fibrous strands of, 494, 496 ; connec- 
tion of, with nerve-roots, 496-500. 
Functions of, 619, 688 ; as an inde- 
pendent centre, 619, 524 ; as a con- 
ductor of sensory impressions, 620- 
622 ; asaconductorof motor impulses, 
622, 523; its proper i*eflex actions, 
524-530 ; their relation to the Organic 
functions, 681, 632 ; their protective 
character, 632, 533 ; their subser- 
vience to locomotion, 534, 636 ; its 
influence on Muscular tension, 636- 
638 ; development of, 821, 822. 

Spinal Nerves, 507 ; double function of 
their roots, 607 ; their connection with 
the Spinal Cord, 494 -496, 621. 

Spitalfields Workhouse, fever, &c. at, 
313. 

Spleen, structure of, 136-139 ; chemical 
composition of, 139 ; lymphatics of, 
139; development of, 189, 140; func- 
tions of, 140, 144-146; blood of, 178, 
179. 

Splenic Blood, 178, 179. 

Stammering, nature of, 727 ; treatment 
of, 728. 

Stapedius, functions of, 667. 

Starch, a constituent of food, 33, 34, 37, 
44 ; its transformation by saliva, 76, 
76 ; by intestinal fluid, 102 ; import- 
ance of^ in protecting other tissues from 
the action of oxygen, 332 ; production 
of fat from, 341. 

Starvation, effects of, 54 -57 ; death by, 
56, 903 ; Chossat’s experiments on, 54, 
65, 434, 435. 

Stereoscope, 644-647. 

Stimuli, action of various, on nervous sys- 
tem, 471-473. 

Sioniack, movements of, 64 66 ; action 
of, in vomiting, 66, 67 ; influence of 
pneumogastric on, 65, 66, 86, 87 ; influ- 
ence excited by sympathetic upon, 88; 
lymphatics of, 79 ; secreting follicles 
of, 76-79 ; villi of, 79 ; secretion of 
gastric juice by, 79-83 ; digestion in, 
83-86, 89 ; temperature of, during di- 
gestion, 86 ; effects of blows on, 219. 

Strabismus, pathology of, 704, 706, 

Strength, feats of, 706, 707. 

Strings, vibrating, laws of, 715, 716. 

Strychnia, action of, on blood, 204. 

Sublingual Gland, 71; secretion of, 73. 

Submaxiilary Ganglion of Sympathetic, 
731. 

Submaxillary Gland, 71; secretion of, 
73. 
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Succus Entericus, 102-104 ; its use in 
digestion, 102, 103. 

Sudoriimrous Excretion^ composition of, 
420 ; quantity of, 420-422 ; vicarious 
with urinary, 373, 423; consequences 
of suppression of, 424 ; frigorifying 
effect of, 421, 422, 443, 444. 

Sudoriparous Glandulae, 419, 420. 

Sugar, a constituent of the body, 84 ; for- 
mation of, in liver, 387-393 ; passage 
of into urine, after lesions of nervous 
system, 391. 

Sulphates, Alkaline, in urine, 405, 412. 

Sulpho-cyanide of Potassium, in the 
Saliva, 73 ; action of, on Heart, 229. 

Sulphur of Bile, its elimination by faeces, 
107. 

Superfoetation, 783, 784 

Supernumerary Parts, 351. 

Suppuration of wounds, 860, 361. 

Supra-Renal bodies, structure of, 140, 
141 ; development of, 141 ; function 
of, 141 ; effects of ablation of, 140, 
141 ; effects of disease of, 141. 

Surgical Fever, predisposing causes of, 
208. 

Symmetrical diseases, 200, 201. 

Sympathetic Systeniy see Nervous System. 

Syncope, death by, 901, 902. 

Syro- Arabian Race, 868, 869. 

Swallowing, act of, 61, 64. 


T. 

Tactile Corpuscles, 608-610. 

Tamulian Language, 871. 

Tannic acid, action of solutions of, on 
blood-corpuscles, 158. 

Taste, ganglion of, 538 ; nerves of, 
620, 621 ; Sense of, 617, 623 ; pecu- 
liar objects of, 617 ; special conditions 
of, 618 ; seat of, 619 ; papillae of, 619, 
620 ; varying acuteness of, 621 ; par- 
ticipation of smell in, 622 ; uses of, 
622 ; improvement of, by habit, 623 ; 
cases of loss of, 622 note. 

Taunton, Cholera at, 305, 306. 

Taurocholic acid, 383. 

Tea, composition of, 52 ; influence of, on 
urine, 416. 

Teeth, deciduous, exuviation of, 343, 
344 ; development of, 886, 887 ; per- 
manent development of, 890, 891. 

Temperature, external, influence of, on 
temperature of body, 422, 423 ; ex- 
tremes of, endured by Man, 482, 433. 

Sense of, 618, 615. 

of the blood in different 

parts of the body, 150, 151. 

Tension of Muscles, influence of Spinal 
Cord on, 636-638. 

Tensor tympani, functions of, 667. 


Testes, structure of, 747, 748 ; develop- 
ment of, 811. 

Thalami Optici, 538 ; their relation to 
Cerebrum, 639, 576, 677 ; their func- 
tions, 538-540. 

Theine, effect of, on urine, 416. 

Third Pair of Nerves, 605, 610. 

Thirst, immediate source of sense of, 54 ; 
death by, 56. 

Thymus Gland, structure and develop- 
ment of, 141-143; function of, 143, 
145. 

Thyroid Gland, chemical constituents of, 
142 ; structure of, 143 ; function of, 
144, 145, 711 note. 

Tobacco, influence of, on body, 51 ; on 
respiration, 300. 

Tongue, papillae of, 619, 620 ; sensory 
nerves of, 620, 621 ; motor nerves of, 
517, 518 ; see Taste. 

Tongues, vibrating, laws of, 716, 717. 

Tonicity of Arteries, 233, 234 ; of veins, 
259, 260. 

Touchy ganglia of, 638, 539 ; nerves of, 
544 ; Sense of, 608-617 ; papillae of, 
608-610 ; varying acuteness of, 610 ; 
theory of sense of, 611 ; duration of 
impression of, 613 ; knowledge ac- 
quired by, 612; improvement of, by 
practice and attention, 615, 616 ; com- 
bination of, with visual sense, 640. 

Toxic Diseases, general pathology and 
therapeutics of, 203-213. 

Trainers, diet of, 46. 

Trance, causes of, 904-'906. 

Tricuspid valve, imperfect closure of, 

222 . 

Trigeminus, 508 ; see Fifth Pair. 

Trismus Nascentium, mortality from, 
315. 

Tuber Annulare, effects of section of, 
550 ; effects of electric current on, 
650. 

Tubercle, nature of, 369, 370. 

Tubercula Quadrigemina, 638, 546, 547. 

Tubercular Diathesis, 369, 370 ; mani- 
festation of, at different ages, 895, 896. 

Tubes, effects of various conditions on 
flow of liquids through, 241 note. 

Tumours, their relation to hypertrophies, 
350 ; malignant, 352, 371. 

Turkish Race, 869, 870. 

Tympanic apparatus, structure and uses 
of, 665-668. 

Typhoid fever, alterations of blood in, 
181. 

Tyrosin, 383. 

U. 

Umbilical Cord, structure of, 801, 802. 

Vesicle, 797, 801. 

Vessels, 797, 798, 801, 802. 
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Unit of Heat, 437. 

Upas Antiar poison, action of, on motor 
nerves, 689. 

Urachus, 801, 812. 

Ursemia, pathology of, 400, 401. 

Urea, ite ordinary proportion in urine, 
406 ; influence of inanition on excretion 
of, 827 ; sources of, 336, 837 j various 
circumstances afiecting quantity of, 
400-403 ; its presence in blood, 148* 
180 ; in sweat, 420 ; consequences oj 
its non-eliraination, 400, 401 ; effect 
of alcohol upon excretion of, 60. 

Uric Acid, its ordinary proportion in urine, 
466, 409 ; its sources, 339 ; variations 
in its amount, 339, 409, 410; sedi- 
merits produced by, 409 . 

Urination, act of, 70, 631. 

J/Hwc, secretion of, 393 ; excrementitious 
character of, 336-340 ; physical pro- 
perties of, 400, 402 ; quantity of, 402, 
403 ; circumstances affecting quantity 
of, 400, 403 ; specific gravity of, 404 
composition of, 405 ; influence of in 
anition on, 327 ; colouring matter of, 
411 ; gases contained in, 413 ; differ- 
ences of, with age, 407 ; influence of 
diet on, 336, 407, 408 ; influence of diu- 
retic medicines on, 417, 418 ; Organic 
coinponents of, 405, 406 (see Urea, 
Uric Acid, &c.l ; acidity of, 339, 409, 
410, 414 ; alkalinity of, 414, 415 ; In- 
organic components of, 405, 406, 411 ; 
sugar in, 338 ; lactic acid in, 416 ; 
vicarious secretion of, 374, 376. 

Uro-genital sinus, 812. 

Uterine Glandulae, 768. 

Uterus, inherent motility of, 777 ; increase 
of, during pre^ancy, 775, 776 ; action 
of, in parturition, 777, 778 ; subse- 
quent degeneration of, 846, 778; em- 
bryonic development of, 811-813 ; 
rudimentary, of male, 81^. 


V. 

Valves of Heart, 220, 221 ; difference of 
mitral and tricuspid, 222 ; sounds pro- 
duced by tension of, 223, 224. 

Vapour, aqueous, absorption of, 121- 
123, 296 ; exhalation of, 296-298. 

Variation, tendency to, 859, 860. 

Varieties of Man, their essential confor- 
mity in structure, 860-861 ; in phy- 
siological characters, 861-863 ; in 
psychical endowments, 863, 864 ; in 
ian^ages, 864, 865 ; see Races. 

Vasalutea, 799 note. 

Vascular Area, 797. 

Vaso-motor nerves, 232. 

Vegetables, fresh, an essential article of 
diet, 41. 


Vegetarianism, 88. 

Veins, structure of, 267 ; movement of 
blood in, 258-260 ; causes of motion of 
blood in, 268, 259 ; congestion in, 259, 
260 ; development of first set, 797 ; of 
second set, 803, 804. 

Venous Blood, differential characters of, 
^71, 172-174; causes of variation of 
colour iq, 177 ; influence of, on intes' 
tines, 60 note; on heart, 217; on 
spiration, 276. 

Ventricle of Heart, effect of pregnancy 
on left, 222. 

Vertebra, typical, 816, 817. 

Vertebrje, cranial, 817. 

Veitebral Column of Man, comparison 
of, with that of Apes, 25 ; first indi- 
cations of, 814, 816 ; subsequent deve- 
lopment of, 815, 816. 

Vesicula Prostatica, its real import, 812. 
Vesiculse Sominales, function of, 768. 
Vesicular nerve-substance, 449-451. 
Vestibule of Ear, 669. 

Viability, early, of foetus, 781 ; relative, 
of two Sexes, 829, 830. 

Villi, intestinal, structure of, 110-113; 
of stomach, 79. 

Vision, ganglia of, 538 ; nerves of, 541, 
642, 643; Sense of, 627-659; optical 
conditions of, 627, 628; defects in, 633, 
634; accommodation of, for varying 
distances of objects, 629-632; nervous 
apparatus of, 634- 638 ; limits of, 038 ; 
use of, in combination with touch, 640, 
C41; erect, cause of, 641, 642; single, 
conditions of, 642, 643, 703, 704; 
appreciation of solid forms by, 644, 
647; of distances, 647, 649; of size, 
649-651; conversions of relief, 651, 
652 ; persistence of impressions, 652, 
653; complementary colours, 653, 654; 
want of power to distinguish colours, 
654, 655; irradiation of impressions, 
655; vanishing of images, 655; sub- 
jective phenomena of, 650, 657; per- 
ception of laterally-situated objects by, 
656; representation of retina itself, 
658; improvement of, by attention, 658, 
659; importance of, in guiding move- 
ment, 556-558; appreciation of vary- 
ing amounts of illumination by, 659. 

Vital Economy, balance of, 824; with 
ordinary diet, 325, 326; in inanition, 
327-330; with pure meat diet, 831; 
with meat and fat, 881, 332; with 
sugar and meat, 333; differences be- 
tween Carnivora and Herbivora, in 
respect to, 333; changes undergone 
by albumen in maintaining, 335-340 ; 
changes undergone by fat in maintain- 
ing, 840, 341; changes undergone by 
sugar and starch in maintaining, 341, 
842; application of inorganic consti- 
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tuents of the food to maintenanoe 
of, 842; Bubstitution of new tissue for 
old in, 342-348; necessity of due 
supply of nervous power for main- 
tenance of, 347, 348. 

Vitelline Duct, 797, 801. 

Vessels, 797. 

Vitellus, 755; its segmentation, 792, 793. 

Voice, ordinary, mode of production, 
715-720; falsetto, 720, 721. 

VolUioUf fixation of attention by, in 
states of Dreaming and Somnam- 
bulism, 599-603. 

Volitional Actions, their source in the 
Cerebrum, 688. 

Voluntary Movements^ their dependence 
on guiding sensations, 664-568 ; per- 
formed by instrumentality of Sensori- 
Motor apparatus, 656-561, 696, 696 ; 
not in themselves distinguishable from 
involuntary movements, 696 ; but re- 
sult from an impulse originating in 
Cerebrum, 588. 

Vomiting, act of, 66. 

Vowel sounds, 723-726 ; discrimination 
of, 661. 


W. 

Wandsworth, Cholera at, 308. 

Water, the natural drink of Man, 48; 
efifeots of drinking large quantities of, 
49 ; effects of impurity of, 48, 49 ; 
effects of deprivation of, 66; normal 
proportion of, in Blood, 166, 181; 
alterations in, 180, 185; transudation 
of, by Kidney, 398, 399, 402. 

Water- dressing of wounds, 359. 


Weight, appreciation of, 612. 

White Corpuscles, 169 ; see Blood, 
Colourless Corpuscles. 

Wolffian bodies, 809, 810. 

Woorara poison, influence of, on secre- 
tion of Saliva, 76 ; osmotic peculiari- 
ties of, 119 note ; effect of, on motor 
nerves, 689. 


X. 

Xanthin, 383. 


Y. 

Yawning, act of, 280 ; consensual sug- 
gestion of, 281. 

Yellow Spot of Retina, 637, 656. 

Yellow-Fever, elevation of temperature 
after death from, 430 ; continuance of 
capillaiy circulation, 251 ; immunity 
of Negroes from, 862 note. 

Yolk of Egg, of fowl, structure of, 755 ; 
of fish, rotation of, 793. 

Youth, characteristics of, 893. 


Z. 

Zo-amyline, 389, 

Zona pellucida, 756. 

Zymotic poisons, 207 ; predisposition to 
their activity from state of blood, 208- 
213 ; from putrescent food, 47, 48 ; 
from putrescent water, 48, 49 ; from 
alcoholic liquors, 61; from starvation, 
67; from deficiency of respiration, 304- 
308. 


THE END. 




